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PUI.MON.VRY INSUFFICIENCY 
n A Stum OF Thirtv-Nive Cases or Pol^ionary Fibrosis 

ELEANOR deF BALDWIN, M D . ANDRE COURNAND, M D , Aho 
DICKINSON IV RICHARDS, JR , M D 

From the Department 0 } ilfedicinc, Cottege of Phgstctant and Surgeons, CoIum6:a Umvcrsity 
and the Cardio Pulmonary Lahoratones of the Presbyterian Hospital and the Chest 
Service, Bellevue Hospital, Ncie Yor) City 

iNTRonncrioN 

This paper, the second of a series devoted to the study of pulmonary msuffi- 
ciencj in chronic pulmonaiy disease, presents the characteristic patterns of 
lung function as they are observed m cases with pulmonary fibiosis not compli- 
cated bj any sigmficant degree of pulmonary emphysema 
Most of the prev’ioiis physiological im estigations on pulmonary fibrosis havm 
been largely concerned with the defects of pulmonary function in cases with 
pne umoconiosis , m particular silicosis (1-C) A strikingly poor correlation 
between the degree of pulmonary dysfunction and the evtont of the clinical and 
roentgenological findings was observed by all investigators In addition, the 
majonty of the studies indicated that the seventy of pulmonaiy insufficiency 
m silicosis as measured by changes in lung volume, diminution of inaMraum 
breathing capacity, unequal alveolar ventilation and arterial anoxia, W'as closely 
correlated with the extent of a coexisting emphysema Thorsten Bruce (5), 
however, in lus extensive studies of a group of 197 sihcotic subjects found em- 
physema to bo a lare complication except in those cases hav mg massive conglom- 
eration of silicotic nodules In this group arterial anoxemia was only"^ present 
m those cases with chronic pulmonary emphysema In the large non-emphy'se- 
matous group he demonstrated frequent functional changes, such as restriction 
of the lung volume, of the maximum breathing capacity and an elevation of the 
respiratory position during forced hyperventilation Using the Nylin standard 
exercise test he could not demonstrate any increase m oxygen debt following the 
mild or moderate axercise He ascribed the marked hyperventilation that he 
observed in many of his subjects to reflex stimulation of the respiratory center, 
via the Hermg-Breuer reflex There were, however, no measurements of the 
pCO- m the arterial blood to permit an evaluation of this factor m causing hyper- 
ventilation He demonstrated that his cases assumed an inspiratory position 
dunng hyperventilation, which would tend to stimulate the stretch receptors 
vvathm the fibrosed walls of the bronchi and of the pulmonary vessels 
The observation of arterial anoxia in cases with pulmonary fibrosis has been 
chiefly limited to cases suffering from a coexisting emphysema Knipping (7, 
8) and Brnuer (9) in their classifications of respiratory insufficiency desenbe 
two mechanisms, other than those commonly operating in emphysema, whicli 
may lead to artenal oxygen unsaturation 
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(1) Direct veno-artenal shunt of blood from the pulmonary aitenes mtr 
pulmonary veins Both Knippmg and Brauer cite as examples of this me 
nism the arterial anoxia observed m pneumonia or bronchial obstruction 

C2) Impairment of oxygen diffusion across the alveolar capillary membi 
Brauer describes this meehamsm as occurring m severe influenza, following j 
gas poisonmg, pulmonary edema and under certain expeiimental conditi 

Very recently Wnght (10) has reported physiological studies on a sene 
seven subjects with generalized pulmonary granulomatosis found in beryll 
workers His sigmficant findmgs were extreme hyperventilation during exert 
marked ai terial anoxia both at rest and during exercise, a normal or only slig* 
decreased maximum breathing capacity and a generalized reduction of the t' 
lung volume The pCOa of the arterial blood was measured in two cases 
one case with emphysema, it was markedly elevated, while in the other, with 
emphysema, it was low. He was able to show a low arterial oxygen tension 
high alveolo-capillary oxygen gradient in two cases He considered that* 
arterial anoxia was the result of an impaired oxygen diffusion across an abnui.,', 
alveolo-capillary membrane Histological examination of the tissue of 
lung in two cases is said to have shoivn thickening of the alveolar walls ? 

From this brief mtroduction, it is evident that with the exception of the u 
of berylhum poisonmg, arterial anoxia in pulmonary fibrosis has been rax 
observed when chronic pulmonary emphysema was not present In the pres 
study, based upon the analysis of 39 cases of pulmonary fibrosis of vaiious orit 
and not complicated by a significant degree of pulmonary emphysema, vane 
types of pulmonary insufficiency will be desenbed 


MATERIAL FOR STUDY AND CLASSIFICATION 


The cases for this study were selected from a large group of functional stuck' 
performed m patients with chrome pulmonary chsease, usmg the methods d< 
scribed and analyzed in the first paper of this series The basis of their selectio 
was as follows 

1 Roentgenological evidence of pulmonary fibrosis. 

2 Absence of spirographic evidence of ventilatory obstruction 

3 A residual air equal to or less than the predicted value 

Thu-ty-mne cases with a variety of clmical diagnoses met these requiiements 

These cases were divided into two groups according to the presence or absence 
of arterial oxygen unsaturation following exercise 

Group I consists of 25 cases with an arterial oxygen saturation followng ex- 
ercise above 92 per cent, (the oxygen saturation is above 94 per cent m all but 
three cases). The clmical diagnoses were as follows* 

a 8 cases of sihcosis ^ ^ . 

b 6 cases of chrome pulmonary infection (2 cases with bronchiectasis and 4 


cases with bilateral fibroid tuberculosis) 

c 5 cases of Boeek’s sarcoid: The diagnosis was made m 2 cases y a P 
sldn biopsy, and WM presmaptiye m the remaining 3 cases who had negative 
tuberculin tests and elevated serum globuhns 
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d 2 ci-es of nitimlion filirosis following mnstcitomv foi twinoma of the 
brcist 

c 1 c ifccs of fibio-i!'! of umlelormiiipd otiologj (1 of tliim following the le- 
udental intraYcnous iiijcitioii of ii gold prcpaiation) 

Group II {nns!‘'ts of Id pitunts with in aitcnal o\Ygcii situnlion following 
extru'c helow 92 pei <fnt (Jhc owgen siluntiori i» Ic-s (hin SI per tent m 
ill hut 1 ta^e ) The rhnit d diigiiosps were ns follows 
I 3 ta«C5 of pulmotnu fihro'is assotinttd with stieiodeima 
h 1 rise with a histoij of tspostiie to the nilmlatioii of sulfur dio\ide 
c 1 case with osposiiro to inh datioii of asbestos hbeis 
d 2 cases of hmphangitu (amiiomi 

c 7 cases of pulmonin fibiosis lollowing a mild mniieiir i like respiritoij 
infection 

It should be noted tliat Ihiie was no oYcihipping of etiologii il factors in 
these two groups 


HI suns 

Iho (Imitnl featuies and the itsults of the plnsiologie d atudies m eith of 
those two gioups mat In dcsirdied ns follows 

Group I 

V Cltmcal rliar(iclcn'~lic% In this gioup, the ssmiitoms and the abnormal 
pIitHc d findings were, is i ink, limited ind not lorrehtcd in any waj with the 
CYtent of the dispaot as demonsti itcd bj the \-i ijs Vt rest, none of the pa- 
tients was djspneit and in oiilj fi\o c iscs, iiiehidmg the two cases with radiation 
lihrosis, was the d>spiiea suflicienth sescic to bt me ipacit iting The diagnosis 
"as made pureU on the b isis of the abnormal \-r u findings in so\ en cases who 
presented negligible sjmptoms and physical signs The lem lining 12 cises 
eoinphined of mild to modci itc csertional dcspiica The phjsicnl eaammation 
nl nims of the pitients was ciitirch iiegafice Hcstiiction of the respiratory 
nioiements was ficquenth present ind putieidaib stiiking in the cases with 
radiation hbiosis Xo eaidiac enlargement w is noted in anj of the cases and 
elcetrocardiograms in the eons entional leids available m 10 patients are normal 
file roentgenologic il findings were vaiied Foi example, the \ i ij findings in 
gioup of 8 siheoties who gixe a histoiy of cxposiiie to silica dust for 10 to 
Years wcie as follows 

3 eases wath ineitasod bionehox asculai inaikings ind beading 
3 c ises with chfTiise nodiilai shadows 
2 rasco with conglomerate nodules 

Hie 2 (ases of i idiation fibrosis presented dense, coarse, hneir fibiosis with 
"'idencc of pleui d re iction 1 he \-iax s of the lemainmg cases showed eithei 
'iuum bilateral nodiil ii fibiosis or coarse, linen hbiosis radiating out fiom the 
liar legions Tj pical \-iax pictures aie shown in figuies 1 to 5 
file majontx of the eases belonging to this gioup were sent to the hospital 
' *^°r exahi tion of the pulmonan function and lune not been icexamined 
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6 The mean oxygen consumption was noimal at rest, during exeicise and thp 
five .ecovery penod The.e was no .nerease the ovygen debt 

nn arteiial oxygen satuiation at lest and following exercise was 

r^ases in 

8 The mean ai tei lal cai bon dioxide tension dm mg i est and following exercise 
^vas significantly lowei than noimal It was found to be noimal in only one 
case m the lesting state, and m two following exeicise The mean pHs was 



Fig 3 X-rai Picture iiv a Case ofPolacoivaki Fibrosis of I7l^K^o^1 yFtioiogi (CaseI 

See Text) Pin siologic vl Fixdixgs Characteristic of Grout I ii ith \ extil\torv 

Insufficienct 

somewhat highei than noimal at lest and following exeicise and the mean alka- 
line leseive (Tio) was somewhat i educed 

C Comments It is appaient fiom these lesults that this Hist gioup o pa 
tients wnth pulmonan’^ fibiosis suffeis fioni a model ate ventilatoij insu ciency 
wnthout obvious distuibance of eithei the distiibution oi the diffusion actois 
In cases with a noimal maximum bieathing capacitj'’, the ventilaton msu 
ficiencj’’ duiing exeicise is lelated to the excessive Aentilation, anc t leiesu ing 
deciease of bieathing leseive below^ the thieshold of dj'spnea In t le majoii 3 
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of cases, ho«e\ei, it is clue to the combination of n icstiiotecl maximum breath- 
ing cipicitx and of lixpenentiliition The Ion mean lutoiinl carbon dioxide 
tensions both U icst and follouing cxcicisc indicate that this is i true livpor- 
x'ontilation The leduction m the alkaline resell c (T<«) is an indication of tho 
adapt ition of the acid-base balance to the tin onie hjpoixcntilation Itsdiffer- 
once from the noimid mean \aluc has high at itistital significinto In the 



Fig 4 X nev PicTi in in n Case of Snico TiiBritcm osis (Case 2 See Text) 
PmsioiooicAi riMiixcs CiiAnACTcmsTic OF Group I mith A lntilctobi 
IvsoFFicirxci 

absence of a high pCO- oi of i lo\i oxxgcn aiteunl satuiafion, it appeals that tho 
hjpenentilation is the result of reflex stimulation aiismg m the lungs 

A cleai-cut con elation exists between tho sex oiity of the dx spnea as retoided 
in each pitient's histoix and the size of his bieatlnng icscixo as measured dining 
the fiist minute of iccoxeij fiom the standaul exeicise 1-t patients who either 
denied oi compl lined of onlx slight cxeitiond dj spnea had a mean bieatlnng 
reserxe of 38 Iiteis oi 02 pci cent of the mean maximum bieafhing capaoitj , 5 
patients xxith moderate exeitional dxspnea had a mean bieatlnng reseixm of 31 
hteis 01 51 pci cent of the mean breathing capaiitj , and in 5 pitients compl im- 
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mg of incapacitating exeitional dj'-spnea the mean bieathing leseive was 13 
liteis 01 31 pel cent of then mean maximum bieathing capacity 

D Individual cases Considei able individual variations occui in this gioup 
The following thiee cases have been selected to illustrate this point 

Case 1 M F , a 36 year old v hite houscw ifc, w as admitted to Sloane Hospital complain- 
ing of severe exei tional d} spnea of six months’ duration accentuated during the three w eeks 
prior to admission She w as t\\ o months pregnant She had done factor^ ork in a dusty 
atmosphere Her phj'sical examination was essentiallj^ negative except foi ex ti erne hy- 



Fig 5 X-RAi PiCTUHE I^ A Case OF RADIATION Fibhosis (Case 3 See Text) 

PinSIOLOGICAL FINDI^GS CHARACTERISTIC OF GrOUP I WITH VENTILATORY 

Insufficiency 

perpnea even at rest and the findings consistent with a two months prcgnancY Her chest 
x-rajs showed a fine nodular fibrosis uniformly distributed throughout both lung fields (see 
figure 3) The costophrenic sulci were clear, the heart small and normal in contour On 
fluoroscopic examination the diaphragms moved equalh' and well The pregnancy was 
terminated with onlj slight subjective improvement The clinical diagnosis w'as pul- 
monarj fibrosis of unknow n etiologj A few months after her studies the patient developed 
a rapidlj progressing multiple sclerosis and has been bedridden for the past five jeirs 

The data on pulmonaiy function of this patient (table G), both before and 
aftei the termination of hei piegnancx^ revealed 

1 A stiiking hyperx entilation during and following exeicise, associated ivitli 
extiemely low aiteiial carbon dioxide tension and noimal oxj'gen saturation 
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TvBit I 

Physical Characlcnshcs tn Ihtrly Xine Patients uith Piilmonanj Pibrosis 



CRODT I 

OROcp n 

lulmonarv fibrosis uith 
\entiIator> m^uincicoo 

Pulmonar> fibrosis uith aKcolo- 
respiratory insufilctcncy 

No 

Mean 

SP 

Ranee j 

No 

Mean 

; SD 1 

Range 

Male 



1 



1 

1 


Aj,c in \cars | 

12 

•IS 

10 

30-01 

s 

47 

H 

24-71 

Wcitiht lu kilofcrims 

12 

72 

n 

SC-90 

s 

59 

(03 

Sfl-6S 

Iloibbt in centimeters 

12 

i 160 

9 

15t-lS3 

s 

173 

16 

1G1-1S7 

Bodj surf ICC irca m m’ 

12 

1 S2 

0 3 

I 52-2 12 

S 

1 70 

0 1 

1 56-1 81 

remalc 



i 




1 


lu jc irs 

13 

38 

11 

lS-50 

6 ; 

13 

IS 

14-03 

WciUit in kilograms 

13 

54 

8 

■11-60 

6 ; 

52 1 

0 

43-Cl 

Height in centimeters 

13 

160 

8 

144-172 

fi , 

103 j 

e 

151-170 

Bod^ surf ICC arc i in m* 

13 

1 ol 

0 1 

I 37-1 79 


1 54 

0 1 

1 49-1 70 


TABI C 2 


Lvug Volumes and Maximum Breathing Capacity of 7 huty-Aine Cases with 
Pulmonary Pibrovs 



PULMONARV riBRO$lS UITH 
vrsraATORV l^str^CIE^c\ 

1 

?otwos\R% TiuRosis Nsna ' 

VUTOlO-RESPIRATORy 

ihsurrici£\c\ 

1 

^sicvirrcANCB of 
|t1IE DirEERESCS 
BETnCEN THE 

1 iTSwa 


No 

Mean 

SD 

1 Range 

m 


m 

jj^Ql 

P 

Lung Volumes in per cent of 
Predicted Values 

Vitil Cip'icit\ 

25 

75 

22 

L-113 


! 

j 

46 

i 

14 

1 

1 , 

25-69 

< 0004 

Residual Air 

25 

76 

20 

36-110 

14 

69 

15 

37-99 ! 

0 

Total Capacity 

25 

73 

18 

40-103 

14 

' 52 

12 

130-77 j 

1 

< 0004 

Residual Air 

Totil Capacitj ^ 

1 

25 

27 

c 

1 

17-40 

14 

33 

i 

7 1 

i 

24-45 

0 

Maximum Breathing Capicitj 
t in per cent of Predicted 
Value 

25 

75 1 

22 1 

44-117 

14 

1 1 

83 , 

24 

47-145 

[ >0 5 


* P = probability derived from criticnl ratio 


Mean 1 — Mean 2 




( SDi) 

A'. 


(SD ) 
N 


(Simpson, G G and Roe, A Quantitative lioologj, pp 101, McGraw-Hill Book Co 1939) 


2 Completelj normal lung t olumes and maximum breathing capacity 

3 A bieathing resen e of only 31 per cent of the maximum breathing capacity 
during the fiist minute of lecoxerj from standard exercise associated with severe 
dj spnea, due to excessiv e hyperv entiiation This sv mptom w as not experienced 
after the thii d minute of recov erj w hen her breathing resen e rose to 77 pet cent 
of her maximum breathing eapacitv 
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This pulmonaiy pattern illustrates ventilatoij’- insuflficiency m the piesence of 
noimal lung volumes and maximum bieathmg capacity, due to hyperventila- 

TABLE 3 


Venhlalwn and Breathing Reserve during the Standard Exereise Test and Index of Inlra- 
Pulmonary Mixing in Thirty-Nine Cases with Pulmonary Fibrosis 



PULifO\AR\ FIBROSIS 
^E^TILATOR\ INSUFFICIENC\ 

PULMONARY FIBROSIS WITH 
ALVEOLO RESPIRATORY 
rSSUFFICIEVCV 

SIGMFI 
CANCF OF 
THE DIFFER- 
ENCE 
BET\VEEN 
THE MEANS 


No ! 

Mean; 

1 

SD 

Range 

No 

Mean: 

SD 

Range 

p 

Ventilation in L/min /mVB S 

Basal 

25 

1 

4 1, 

0 6 

1 

3 1-5 5 

14 

5 3 

1 0 

4 1-7 6 

> 05 

1 min Standard Exercise 

25 

14 2 

3 2 

8 5-21 2 

13 

15 8 

3 3 

11 0-22 5 

0 

1st mm Recoverj’' 

25 

15 9 

EB 

10 8-26 8 

12 


4 9 

13 6-29 1 

01 

Breathing Reserve 

X 100 

Max Breathing Capacity 

Last min iMth dyspnea 

15 

61 

18 

15-85 

9 

66 

7 

56-76 

0 

First min -nithout dyspnea 

15 

71 

13 

25-88 

9 

73 

5 

65-79 

0 

Index of Intra-Pulmonary Mixing 
Alveolar Xo per cent after 7 min 
pure O 2 breathing 

25 

1 6 

0 5 

0 8-2 9 

14 

1 1 

1 

0 8-1 4 

0 


TABLE 4 


Oxygen Consumption during the Standard Exercise Test in Thiity-Nine Cases with 

Pulmonary Fibrosis 



PULMONARY FIBROSIS WITH 
\TNTILATORY INSUFFICIENCY 

PULMONARY FIBROSIS WITH 
aln^eolo-respiratory 

INSUFFICIENCY 

SIGNIFI- 
CANCE OF 
the differ 
ENCE 
BF1Y\XEN 
THE MEANS 

No 

Mean 

SD 

Range 



SD 

Range 

p 

Oxygen Consumption in cc / 

1 









min /m= B S 










Basal 

25 

135 

12 

116-166 

14 

144 

19 

114-175 

0 

1 mm Standard Exercise 

25 ; 

485 

115 

332-802 

13 

362 

63 

305-573 

< 0001 

5 mm Recover! Period 


1360 


1189-1738 

6 

1550 


1315-1920 


Oxagcn Intake m cc /lit of 










Ventilation 










Basal 

25 

38 6 

6 2 

28 6-50 9 

14 

30 6 

4 1 

25 5-41 0 

005 

1 mm Standard Exercise 

25 

40 5; 

9 S 

21 6-60 2 

13 

2S Gi 

1 

3 8 

1 

IS 2-35 8 

< 0004 


tion alone The cause of the mcieased stimulus to ^entllatlon m this case is 

not cntiiely cleai ^Ylthout demonstiable caidiociiculatoiy patliologj' or high 
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PCO2 or low oxygon arterial saturation, an increased sensitivity of the Horing- 
Breuer reflex mechanism due to fibrotic changes about the bronchial tree is the 
most likely explanation In this particular case there may be an additional, 
although remote, factor operatmg, namely, some central nervous system lesion 
Attacks of hyperpnea ore said to occur not infrequently m cases of multiple 
sclerosis 


TABLE 5 


The Respiratory Gases of the Arterial Blood during Rest and following the Standard Exercise 
Test m Thirty Nine Coses with Pulmonary Fibrosis 



riTLUONAXY rasosis with 

VENTOATOSY INSUTMCENCY 

PCLUOMABY TXSSOSIS WITH 
AEVZOtO ttSYlYATOXY 
INSOTTlCIEXcy 

MOHIYI 
CANCC OF 
THsmr 
FERENCE 
nCTHTEV 
THE VEANS 


No 

Mcaq 

|SJ> 

llADfe 

No 

Mean 

SJ> 

Kacee 

P 

Oxyhemoglobin Saturation in 










per cent 










Basal 

24 

95 

I2 5 

01-99 

14 


4 4 

82-98 

< 005 

1st mm Recovery 

25 

m 

2 3 

92-99 

14 

73 

9 0 

68-88 

< 0004 

Carbon Dioxide Content in 








■i 


Vols % 










Basal 

23 

48 1 

Rlil 

39 0-52 G 

12 

48 G 

3 8 


0 

let imn Recovery 

23 

44 0 

3 I 

34 &-49 2 

12 

45 8 

3 1 


0 

Carbon Dioxide Tension in mm 
Hg 

I 

34 2 

4 1 

26 3-42 4 

7 

43 6 

i 

39 6-40 4 

1 

< 0004 

1st rmn Recovery 

i 

35 8 


29 4-38 5 

7 

40 6 

1 4 

37 6-47 3 

< 0004 

Carbon Dioxide Content at 40 
mm Hg (T^o) in Vols % 
Basal 

16 

47 5 

2 3 

41 9-51 4 

7 

47 1 

3 1 


0 

Zst mm Recovery 

14 

46 3 

3 1 j 


7 

43 5 

3 1 

ileilj 

0 

pHs 




US 




'■■il 


Basal 

IS 

7 46 

■a 


7 

7 41 

01 

7 37-7 43i 


lat min Recovery 

14 

7 43 

m 

mm 

7 

7 38 

1 
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volume that was diminished to 50 per cent of the predicted value Hyper- 
ventilation was present during all the periods of observation with a normal 
arterial oxygen saturation In addition, the index of mtrapulmonary mixing 
was elevated to 2 9 per cent, which must be considered abnormal in the presence 


TABLE C 

Pulmonary Function of Three Individual Cases unth Pulmonary Fibrosis Associated with 

Ventilatory Insufficiency 



CASE 1 

u r 

CASE 2 

E Q 

CASE 3 

J n 

Pulmonary 

Fibrosis 

Silico-Tuber- 

culosis 

Radiation Fibrosis 

Ob- 

served 

Pre 

dieted 

Ob- 

served 

Pre- 

dicted 

Observed 

Pre- 

dicted 

I Lung Volumes m cc 




nn 


■■ 

Vital Capacity 

2984 

2950 

2118 


1276 


Residual Air 

698 

880 

434 


642 

MM 

Total Capacity 

3682 

3830 

2552 

5190 

1817 


Residual Air 







;;; X 100 

19 

23 

17 

30 

31 

30 

Total Capacity 







II A Maximum Breathing Capacity in 







lit /min 

72 

74 


93 

33 

75 

B Ventilation in lit /imn /m*B S 







Basal 

4 1 

3 2 

4 7 

3 9 

3 7 


1 min Standard Exercise 

19 6 

9 0 


11 2 

17 4 


1st min Recovery 

26 8 

10 9 

24 0 

14 5 

19 1 


^ Breathing Reserve 

C X 100 






■ 

Max Breathing Capacity 







Last min with dyspnea 

64 


60 


39 


1st min without dyspnea 

78 


74 


dyspneic 







6 min 

■ 

III A Index of Intra-Pulmonary Mixing 







Alveolar N,% 

0 8 

<2 5 

2 9 

<2 5 

2 1 

<2 5 

B Arterial Blood 







Oxyhemoglobin Saturation % 







Basal 

99 

96 

94 

96 

91 

96 

1st min Recovery 

96 

96 

97 

96 

96 

96 

Carbon Dioxide Tension in mm Hg 







Basal 

29 4 

43 7 





1st min Recovery 

28 2 

43 0 





IV Oxygen Consumption in cc /min /m* B S 







Basal 

119 

141 

133 

132 

116 

129 

1 min Standard Exercise 

380 

626 

533 

606 

494 

612 


of a small lung volume The breathing reserve was reduced to 43 per cent of 
the maximum breathing capacity during the first minute of recovery from the 
standard exercise and rose during the third minute of recovery to 74 per cent of 
the maximum bieathing capacity when dyspnea ceased to be present 
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This patient, as the previous one, illustrates a pattern of ventilatory insuf- 
ficiency due to hyperventilation in the presence of a normal maximum breathing 
capacity In addition, there was a marked, although uniform restriction of the 
total lung volumes, as well as a slight abnormality of the intrapulmonary distri- 
bution of respiratory gases In the absence of pCOi measurements in the arterial 
blood, it IS not possible to decide whether the Hering-Breuer reflex or any other 
stretch reflex originating in the lungs or pleura, was the sole cause of tho hyper- 
ventilation 

Case 3 J H , a 47 year old houaoiMto, had Buffored amco youth from sovoro colds and 
bronchitis Two years before admission sho sustained a radical left mastectomy followed 
by massive doses of deep x-ray therapy over the left chest Since this time her chief com 
plaint was paroxysmal dyspnea On physical examination her chest expansion was limited 
Tho lower sternum moved inwards on inspiration The breath sounds were diminished 
posteriorly over the lung bases Tho heart was small, the pulmonic second sound was no 
centuated The electrocardiogram was essentially normal The chest x rays revealed a 
bilateral linear fibrosis most accentuated over the right infrnclavicular region (see figure 
6) The left diaphragm was slightly higher than tho right w ith a blunted left costophrenic 
sulcus Tho clinical diagnosis w as pulmonary fibrosis follow ing radiation therapy, possibly 
associated with motastascs from a breast carcinoma Tho patient died of bronohopnou 
monia two months after study There was no autopsy 

The pulmonary function studios (see table 6) revealed a marked restriction of 
the lung volumes to 49 per cent of the predicted value, with a residual air/total 
capacity ratio not significantly elevated above the predicted value in a woman 
of her age Her maximum breathing capacity was likewise severely restnoted 
Hyperventilation dunng exercise and the first minute of recovery was so groat 
that on the basis of calculation, there was no breathing reserve Dyspnea con- 
tinued well beyond the five minute penod of observation Eemarkably enough, 
the arterial oxygen saturation was normal both during rest and following exor- 
cise The pCOs was not measured 

The pulmonary function pattern of this patient illustrates severe ventilatory 
insufficiency as the result of considerable restnction of the maximum breathing 
capacity as well as hyperventilation In spite of the marked restriction to her 
ventilation there was no evidence of alveolar respiratory insufficiency She was 
the most abnormal case in the entire group In the absence of pCOa measure- 
ment, the same comment as in the previous case is made concerning the mecha- 
nism of hyperventilation 

E Summary The significant findings m this first group of cases with pul 
monaiy fibrosis without arterial anoxia is hyperventilation during moderate 
effort associated m most cases with a restnction of the lung volumes of tho 
maximum breathing capacity, or of both This excessive ventilation is the 
result of an increased sensitivity of vanous reflex respiratory impulses such as 
the Henng-Breuer reflex, stimulated by the fibrotio changes in and about the 
bronchial walls and vascular channels It is not a compensating mechanism 
for abnormahties of distribution and diffusion which affect the carbon dioxide 
tension, the oxygen saturation of the artenal blood and the acid-base equilibnum 
The symptom of dyspnea is only experienced m this group when the breathing 
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reserve is between 61 per cent and 71 per cent of the maximiun breathing capa- 
city No correlation can be demonstrated between the seventy of the physio- 
logical disturbance and the extent and degree of the fibrosis seen on the x-ray 
films 


Group II 

A Chmcal characteristics In contrast to the findings m Group I, the severity 
of the clmical symptoms of the patients belongmg to this second group far out- 
weighs the relatively hmited physical findmgs and frequently the unimpressive 
x-ray changes Early in their illness several had been diagnosed as suffenng 
from a lespiratory neurosis The common complaints were: (a) severe incapa- 
citatmg dyspnea on exertion, and in many cases at rest, (b) dry rackmg cough, 
(c) wealcness and fatiguability In the majority of cases the respiratory distress, 
the paroxysmal cough and cyanosis were striking Clubbing of the digits was 
frequent Physical examination of the chest revealed, as a rule, marked himta- 
tion of chest movements, several cases showed inspiratory retraction of the 
sternum, occasional atelectatic rales, and an accentuated pulmomc second sound 
The heart was usually small, although ternunally it became enlarged m three 
cases with associated evidence of cardio-circulatory failure The electiocardio- 
grams m the conventional leads were essentially normal m all cases In the 
three cases who died of cardiocirculatory failme, electrocardiographic evidence 
of myocardial damage developed dunng the last months of life A variety of 
x-ray pictures of this group is illustrated in figures 6 to 9 The chest x-ray of 
many of the cases shows a very fine reticulated fibrosis The case with the his- 
tory of sulphur dioxide inhalation presented a most unusual chest x-ray which 
showed, with the aid of a magnifying glass, a bilateral dissemmation of multiple 
tmy areas of mcreased density 1 mm in diameter, each with a small central 
area of radiotranslucency Unfortunately, the x-ray pictures had been lost 
before any reproductions could be made 

The majority of the patients were examined only once during the course of 
their illness, vnth the notable exception of two cases who were followed for 5 to 
6 years Eight of the fourteen patients are known to be dead The cause of 
death, except for one suicide, was pulmonary msufficiency associated with chronic 
congestive failure m thiee and with acute and sudden heart failure in one patient 

B Physiological observations The statistical data concerning the physical 
characteristics and the physiological measurements are tabulated in tables 1 to 
5 As m the previous group, it is of mterest to note the equal sex distnbution 

The chief findmgs were as follows* 

1 The lung volumes were greatly restneted m the majority of cases The 
mean vital capacity was but 46 per cent, the total capacity 52 per cent of the 
predicted values The mean residual air volume is also sigmficantly reduced 
but the mean residual air/total capacity ratio (RA/TC) is somewhat elevated 

2 The mean maximum breathing capacity was relatively normal, 83 per cent 
of the predicted value, diopping below 75 per cent in only four of the cases 

3. The spirograms show that during the performance of the maximum breath- 
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without djspnea w is, as in the prcrious group, 73 pci cent of the miximum 
breathing capai.it> 

5 The mean indo\ of intripulmonirr mi\mg was imusualU low, witho n 
case having a rallie above 1 4 per tent 

0 T he mean ovygen consumption was normal at rest and tonsidcrabl> reduted 
during the minute of standard evcicise The oxygen consumption for the 
entire live minute recovery period could ho collected m onl> six experiments 
because of the excessive ventilation which taxed the capacitv of the 100 liter 
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spirometer The mean value of these six obseivations, howevei, is high It 
should also be noted that the rate of oxj^gen lemoval both at rest and duiing 
the standard exeicise was extraoidinanly low 

7 In contrast to the piofound arteiial anoxia following exercise, the mean 
arterial blood oxygen satuiation at lest was only slightly i educed In some 
individual cases, it was noimal 



Fig 7 X-hay Picture in a Case of Sceeroderma Associated with Puiaionary 
Invoialment (Case 4 See Text) Phisiological Findings Characteristic 
oi Group II with Ameolar Respiratory Insufficiency 


8 The mean aiteiial caibon dioxide tensions and pHs weie noimal both at 
lest and following exeicise, in spite of the increased ventilation The mean 
alkaline rcseive (Tio) was slightly i educed, as in the first gioup 

C Comment It is evident fiom these lesults that this gioup of patients 
sufleis piimaiih^ fiom piofound alveolai lespnatoiy insufficiency vith onlj^ 
minimal impairment of the ventilatorA’’ function Inadequate alveolai ventila- 
tion as a cause of aitciiai anoxia can be luled out on the basis of the noimal 
pCOj The lesidual an /total capacity latio is somewhat elevated, suggesting 
some degiee of pulmonary distension or emphj'sema, but (he consideiable hyper- 
Acntilation cluiing exeicise piobably compensates foi anj" distuibance of distri- 
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I'bution that ma\ be present In addition, the spnogiapliic roooids mdieate 
that \oluntaiy hyperventilation is pcifoimod it a normal icspiratorv level 
The alv'colai itspiiatoij iiibuffieientj' in tins gioup of cises must be the lesult 
cither of a venoarterid shunt, an impniimcnt of the diffusion of le&piratoiy 
gases acioss the aheolat capillan interface, or a combmition of both meth- 
inisms 

It should be pointed out that the cvpicssions, “vcnoutcnal shunt,” and ira- 
paiiment of diffusion, in the extreme tises aic identical, the hist desciibmg the 



ric S X nM PicTcnE i\ a Ca»c oi IxTrnsTiTiAi rxruvoNins (Cvst S Sep Tfxt) 
PiiisioioncAi I lamsGs CiKiiAtTLmsTic of Gnour It nixii Aiieohii llcspiaATORi 
Insufucii \ci 

anatomical, the second the physiological condition Vll giadations maj exist 
between these two expiessions depending upon the thichness of tissue interposed 
between the ah eolai wall and the capillaij 

D Individual cases Ihe following cases have been selected to illusti ite the 
pattern of piilmonaij function and because autops} findings are acailable on 
each 

Casc4 R B aOScear old wIntestDam hltci, was mlmitfcd to the hospit it complaining 

of aevere dvspnca, extreme weakness and a mddl> productive cough He h id become dur 
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mg the preceding ten ^ears, ]ncreasingl3 incapacitated b3 a sloi\]3' progressing e\ertionaI 
d3-spnea For four 3 ears he had noted progressive tightening of the skin of his hands and 
feet On ph3sica] evaniination, respiratorA* distress nas evident upon the slightest exer- 
tion, the chest movements vere restricted and dullness and rales were present over both 
lower lung fields His heart w as not enlarged The skin o\ er his hands and feet w as cold, 
firm and white A prolonged PR interval was the sole electrocardiographic abnornialit3' 
Chest x-ra3- showed an extensne disseminated, bilateral, reticular fibrosis and a normal 
cardiac silhouette (see figure 7) Changes of the skin, t3 pical of scleroderma, w ere found in 
the biops3 specimen The patient ran a rapidl3' downhill course during his five months’ 



Fig 9 X-rxy Pictire ix x Cxse of Grxvulomxtosis ofthe Lungs avd THEMEorASTiNAL 

Gi XNDS OF UvKxow N ORIGIN (CxsB 6 See Text) Physiologicxu FIN'DINGS 
Chxrxcteristic of Group II with Alveolar Respiratory Insufficiency 

sta3 in the hospit il He dex eloped signs of cardio-circulator3 failure A second electro- 
cardiogram disclosed a right preponderance, further prolongation of the PR and Q m- 
terxals, is well as form changes indicatixc of m3ocardial d image He died of pu monar3 
insufficiencx- compile itcd b3 congcstix e failure 

The data of pulmonaix’ function studies (table 7) levealed (1 ) a maiked i educ- 
tion of the total lung volume, (2) a shghtlx' inci eased lesidual air/total capacit}’’ 
ratio, (3) a lelativelx’ noimal maximum breathing capacit 3 *, (4) hx’peix'entilation , 
and (o) a low arteiial oxx'gen satuiation at rest All the findings aie ti'^pical of 
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the pittcrn m this second gioup Although the patient mis too ill to perform 
the standard exeicise test, an arterial simple lias obtained after some mild leg 
exercises iihich showed miikcd arterial anoxia During light heart cathetcri- 


t\blt: 7 

Pulmonary Function of Three Individual Cases utlh Pulmonary Fibrosis issociaicd uiih 
Alicolar Respiratory InsufTiciency 
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Granulomatosts 
oi Lungs 

Obsen cd 

Predicted 

Ob er%ed 

Predicted 

Observ cd 

Predicted 

I Lung Volumes in cc 

Vitil Capatit\ 

Residual Air 

Total Cap iciti 

Residual Air 

^ X 100 

Total Capacit\ 

1S39 

921 

2760 

34 

3400 

loCO 
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31 

1609 
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1120 
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II A Mavimum Brcithing Cipacit\ in 







lit /min 

SI 

87 

62 

79 

35 

75 

B Ventilation in lit /min /m /B S 







Basal 





mm 


Imin Standard 12 \ercisc 

■■ 

■1 
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■ 
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III A Indc\ of Intra Pulmonar\ MiMng 
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Aheolar ^ % 

1 -1 

<2 0 

0 97 

<2 S 

1 1 

<2 5 

B Arterial Blood 




i 



0\a hemoglobin Saturation % 







Basal 

91 

96 

S2 

96 

S6 

96 

Ist min Recovery 

SI 

96 

5S 

96 

03 

90 

C irbon DiO’cide Tension in mm 







Hg 







Basal 



lO 

•13 7 

35 

43 7 

1st min Reco\erj 



42 

43 0 

40 

43 0 

IV Ox>gen Consumption in cc /mm /m* 







B S 







Basal 

165 

132 

139 

129 

137 i 

141 

1 min Standard Exercise 



323 

512 

345 

520 

V Right Ventricular S\stolic Pressures 







in mm Hg 

70 

<30 



49 

<30 


zation studies, done before the appearance of sj mptoms of right heart failure, 
a marked pulmonarj hipertension was found 

On autopsj, the gross inspection of the lungs revealed an extensive bilateral 
fibrosis which involved the entire subpleural and peripheral portions of the lungs. 
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a relatively noimal appealing pulmonarj’- paienchj'-ma in both hilai regions 
There v eie only a few sparse pleural adhesions and no enlargement of the medias- 
tinal lymph glands On microscopic examination (figure 10) the alveolar 
stiucture of the subpleural areas was replaced by a degenerative fibrosis con- 
taining much collagenous and hyaline mattei but relativelj'' Avell pei fused with 
blood The adjacent alveoli were dilated vith thickened alveolar Avails, there- 
fore, the pulmonaiy capillaries AAcre separated fiom the ah’^eolai lining by a dis- 
position of collagen and hyaline material Bionchiectasis Avas also piesent m 
these aieas In the hilai region of both sides, the lung paienchyma v'^as rela- 
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the remaining aheohr spaces aic reflected in the maikcd restiiction of the lung 
^olumes and the model ateh increased residual air/total capacity ratio The 
absence of plouial adhesions, the presence of a fair piopoition of lung nith noi- 
mal elastic tissue, the maintenance of the patcncj and mobility of the major 
bronchi , maa m ell exphin the large maximum breathing capacit j obsen'ed during 
the patient’s life The pathological findings in the subpleuial areas aio consist- 
ent iMth the considei able degree of nhcolo-rcspiiatoiv msufficienej obseiied in 
this case Fmallj, the obscuation of pulmonaiy aitcriohir sclerosis accounts 
foi the pulmonaij hx pci tension Whethci the mjocardial changes wore to a 
great extent due to chiomc anoxia, is a mattei of speculation 

CascS L A ,T.63jc'iro!(I\Ahitchouseuifc,\\'»sfirstsccn HI October 1941, complimnij, 
of progrossu e sliortncsa of brcitli on exertion for four months ilh recent spnci it rest 
She XM8 then modcrntcK c> \notic The chest movements were markedU dimimshed, 
although diaphngmitic motion wis cxtcllcnt An itcontuation of tlie pulmonic second 
sound w ns noted A fine rcticulir bilatcr il fibrosis of both lung fields w ns found on the chest 
X ra\ (see figure S) The cvanosis and djspnci increiscd progressi\U 3 until the patient 
became bedridden In 1045, signs of profound congestive failure developed Tollowing a 
three months’ stiv in in oxvgen room, she was able to return home on constant oxvgen 
theripv and bod rest for ipproximitelj twelve months before her death 

The phjsiological data (table G) weie obtained thiee jeais bofoic liei death, 
wlien she was still able to undergo imcstigatixc pioceduies The findings art 
also txpital of the group, cliaiactciizcd hj a restnction of the lung xolumes, 
with a noimd residual aii/totd capacitj latio, i lelatively good maximum 
bicatliiiig capacitx’, i m iihed lOTenontiliition duiing all periods of obseixation 
and SCI ere iiteual anoxia both at lest and following exeicise associ itcd with a 
normal aiteiial caibon dioxide tension and plls 

On autopsx, thiee jcais latoi, the pleuinl siiifaces of the lungs weie smooth 
and the mednstinil glands wcie not cnlaiged On cut surface, the lungs pie- 
sonted a unifoim ippeaiance with an uiiusuallj distinct aheolai pattern and 
markedh thickened septa On micioscopic examination (figuic 11) in contiast 
to the pieceding case, theie was no icplacement of the nheolai aichitecture bj 
fibrotio masses but ratliei a uiiifoim thickening of the aheolai septa bj fibio- 
blasts, colUgen fibeis, intci mingled with lymphocytes and wandeimg mono- 
nucleai cells The pulmonaiy eapillaiics weie sepaiated fiom the ah'eoh by 
layers of conneetn e tissue Tlie aheoh themsehes weie model atelj dilated and 
lined by flattened layeis of cuboidal cells and occasiomlh by hyaline placquos 
An clastic tissue stain leaealed iciy little ehstie tissue, most of which 
appoircd to he disintegiated The heait was enlaiged, weighing 3-10 giams, 
and the right aeiitiicle was hy pei ti opined and dilated The lack of pleuiai 
idhesioiis and of fibiosis about the bionchial walls and mediastinum aie factors 
oontiibutmg faaorably to the maintenance of i hige maximum bioathing 
c ipacity 

The stiikmg pathological findings suggest that the aheolar lespiiatoiy in- 
sufficiency obserxed during life in this case was laigely the result of impairment 
to the normal diffusion of oxxgen across the greath thickened aheolai capillaiy 
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a relatively normal appearing pulmonary parenchyma m both hilai regions 
Theie were only a few sparse pleural adhesions and no enlargement of the medias- 
tinal lymph glands On micioscopic examination (figure 10) the alveolar 
structure of the subpleural areas was replaced by a degenerative fibrosis con- 
taining much collagenous and hyaline matter but relatively well pei fused with 
blood The adjacent alveoli were dilated with thickened alveolar walls, there- 
fore, the pulmonary capillaries were separated fiom the alveolai lining by a dis- 
position of collagen and hyaline material Bronchiectasis was also piesent in 
these aieas In the hilai legion of both sides, the lung parenchyma was rela- 



Fig 10 PnoTO-MicROGnAPii 400 X H a\d E 

Section fiom subpleuial regioiun a case of sclciodcima (Caso4) Section levcals hyaline 
thickening of intei stit mm Numerous cyst-like ai eas ai e pi esent The w all of the ai (ci lole 
is thickened 

tnclv noimal vith mminidl alveolai dilatation and in contiast to its complete 
dismtegiation m the subpleuial legion, the elastic tissue vas noimal Ihe 
pulmonaiv aiteiioles shoved both mtimal thickening and h 3 'peitiophy of the 
pais media Consideiable light ventiiculai hj’^peitiophj’’ and diltitation was 
picsenl The model ate ftbiosis of the mvocaidium vas that usually found in 
sclei odei ma 

The clo‘'e conelalion between the anatomical and physiological obsenations 
in this unusual case of sclei odeima of the lungs is quite evident The leplace- 
ment of huge aieas of pulmonait’ paienchvma bv hbiosis and the dilatation of 




Tie 12 PiioTOMicnoonAni -100 X II and E 
fi?" t'i.T i' '''‘’'u' "f “ '“®'' ”1 granulomatosis of unknown origin 

I'nfiltratL of nmnoZl 'rcolV;td‘rmp^^^ 

wcri^visual'ztd under polarizing microscope in these areas The 1 eoh varj eonsKabb 

On nitopsv, dense pleuial adhesions were found intolvmg the entire tight 
lung and the posteuot htetal sutface of the left lung The lung was torn on 
remoaal There were manj cjst.e ateas ,n the densely adherent right upper 
lobe sepaiated by black, fitm, fibrot.c lung tissue Elsewhere the cut surfL 
o the lung disclosed mam patches of fibrosis On microscopic examination, 
these aieas of fibiosis weie found to be composed of xasculai granulomatous 
tissue containing manx mononuclear cells, fibi oblasts and pepnered with 

r .“".f"' » 'r"' ““ -ri.. ".Tetf 2 

close to these fibiotic aieas wete considerablj thickened The mediastinal and 
bronchial glinds were enlaiged and fretiuently had a lubbery consistency but 
their histological appeaiance was not described The heart was not enlatSd 
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Fig 11 PHOTOMrcROGRA.PH 400 X H A^D E 

Section fiom subpleural icgion in a case of chionic intcistitial pneumonitis (Case 5) 
The section reveals diffuse intcistitial infiltiatioii of 1\ mpliocj'tes and mononucleii cells 
and vascular granulation tissue diffusely thickening the alveolai nail 

pansion, accentuation of the pulmonic second sound and clubbing of the fingers Labora- 
torj findings and sputum CMiminntions n ere negatn o Her electrocardiogram n as normal 
n ith a right a\is deviation Chest \-ra3 revealed a small heart nith a dilated right auricle, 
enlargement of the hilar Ijmph nodes and increased broncho-vascular markings (figure 9) 
The clinical diagnosis nas pulmonarj fibrosis of unknonii etiolog3 The patient nas fol- 
lowed for S months without an3’’ significant change She suddenh died at home and was 
autopsicd b3 the medical examiner 

Tlie lesults of the pulmonaij' function studies on the patient (table 7) are 
chai act eristic of the gioup as a whole, m the considerable reduction of the total 
lung volumes, the maintenance of normal carbon dioxide tension at rest and 
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of tho Pathology Department, Presbj tennn Hospital who supplied the pathologi- 
cal information 
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(240 grams) but dilatation of the right auiicle and ventncle as well as slight 
light ventricular hj'-pei trophy was noted 

A good coi relation was found betiieen the anatomical and physiological 
observations The findings of dense pleuial adhesions and massive mediastinal 
lymphadenopathy as well as scatteimg of large fibrotic placques throughout the 
entire lung fields gives an adequate anatomical explanation foi the obseived 
limitation of the maximum breathing capacity The cj'-stic aieas and emphy- 
sema weie 1 effected m the increased lesidual an /total capacity ratio Finally, 
the alveolai respiratoiy insufficiency was mainly the lesiilt of the perfusion of 
the large aieas of fibiosis that weie not aeiated, although poor ventilation of 
some of the cystic aieas desciibed m the autopsy cannot be ruled out 

E Summaiy The primaiy disabihtj’’ in this second group of pulmonaiy 
fibrosis IS a piofound alveolai lespnatorj'’ insufficiencj’’ which results both fiom 
pel fusion of laige aieas of fibiotic tissue which cannot be ventilated and im- 
pairment to the adequate diffusion of lespnatoiy gases acioss a gieatlj’’ thickened 
alveolai septa, oi reduction in the aiea of alveolo-capillarj’’ inteiface 
Except in the cases with the gieatest lestiiction of lung volumes, there was 
little 01 no impanment of the maximum biea thing capacity The striking hy- 
perventilation maj'- well be the lesult of leflex stimulation of pulmonaiy origin 
in addition to stimulus to the caiotid body associated with arterial anoxemia 
Right heait failuie developed teimmally m all cases that veie followed 
Until the lecent lepoit of Wiight on the pathological physiologj’’ of cases with 
chronic beiyllium poisoning, the pattern of pulmonaiy insufficiency exhibited 
by tins second gioup of cases was unique Exposure to beiyllium was unhkelj’’ 
m any of oui cases but it should be noted that otherwise the histonq physical 
examination, clinical course and autopsy findings on Case 6, V B , lesemble 
very closely the one autopsied case of beijdlium poisoning desciibed by Haidj'' 
and Tabei shall (11) 


CONCLUSIONS 

On the basis of plwsiological studies 39 cases of pulmonaii’’ fibiosis iiithout 
significant emphysema iiere divided into two cleail}^ defined gioups 

Gioup I lepiesents piimaiil}^ the pattern chaiacteiistic of ventilator}^ insuf- 
ficiency iiithout any obvious associated distuibance of eithei the distiibution or 
diffusion of the lespiiatoiy gases The clinical diagnoses of the gioup include 
silicos s, bionchitectasis, chionic fibioid tubeiculosis, Boeck’s sacioid, and ladia- 
tion fiibiosis 

Gioup II piesents piedominatly the pattern chaiateiistic of alveolai lespiia- 
torj'^ insufficiency associated with a lelatively noimal ventilatoiy function The 
clinical diagnosis of the gioup include scleiodeima, exposuie to siilfui dioxide 
and asbestos, lymphangitic caicinoma, and mteistitial pneumonitis 

The aulhois giatefully acloiou ledge the coopeiation of Di Theodoie J 
Curphcy ^Medical Examinei of Nassau Countv, of Di David Spam, Pathologist, 
Columbia Unneisity Division, Bellevue Hospital, and Di Doiothea oicester. 
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of the Pathology Department, Presbyterian Hospital who supplied the pathologi- 
cal information 
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THE PATHOLOGY OF THE THYMUS IN MYASTHENIA GEAVIS 
A Study op 35 Cases 

^ BENJAMIN CASTLEMAN, M B , and EDGAK H NORRIS, M D 
From the Department of Pathology and Bacteriology, Massachusetts General Hospital, Boston 

During recent years the improved technique m surgery of the mediastmum 
has led to under use of thymectomy in the treatment of myasthema gravis, thus 
the pathologist is now able to utilize surgical, m addition to post-mortem matenal 
m lus study of possible relationships between the thymus and myasthenia 
gravis The present paper is based upon a study of the thymus m 35 patients 
with myasthenia gravis observed at the Massachusetts General Hospital during 
the past forty years In this group of cases there are 23 thymectomies,* 1 
thymic biopsy, and 11 post-mortems, m 4 cases autopsies were performed at 
varymg intervals folloinng thymectomy 
The cases were easily divided from both a gross and microscopic standpomt 
mto two mam groups The first 10 cases m which epithelial proliferation was 
prominent compnse one group (Table IV) The cases placed first m the table 
possessed a lesion that showed a ma-umal amount of epithehum and a minimal 
amount of Ijunphocytes, succeeding cases manifested somewhat lesser amounts 
of epithehum and a greater proportion of lymphocytic elements In the xe- 
maimng 25 cases (Table V) there was no evidence of epithehal proliferation 
but rather varying degrees of lymphoid follicle formation m the medulla 
That the thymic lesion in the first group is one that falls within the accepted 
limits of neoplasia, and that the thymus found m most of the cases m the second 
group is neither enlarged nor persistent but still abnormal are theses we shall 
attempt to defend 


STATISTICAL DATA AKD REVIEW OF LTrERATURE 

Smee 1917, when Bell (1) compiled the reported cases of myasthenia gravis 
in which thymic lesions were described, it has been customaiy to recognize 
three general groups, one m which a thymic tumor is found, a second in which 
the thymus is thought to be “persistent”, “hyperplastic”, or “enlarged” and 
finally those m which the thymus is thought to be normal We have again 
surveyed the literature and have been able to get fairly good data on 295 ca^s * 
Smee the large majority of the reported cases, especially those without tumom 
have madequate mcroscopic descriptions, it was felt that a statistical analysis of 
these cases should be based on just two groups timers and nontumors The^ 
together with our owm senes make available for analysis 330 cases Of the^e 7? 
are thymomas and 233 are nonthymomas 

‘Most of the thymcotoraiM D ore performed by Df , 

grateful for supplying us with hie opcrativo fmdinefl w„ 

Viots for mating the medical aspects of the cascsavni(pl,i». to Br H P 

‘ Wo are grateful to Mr Gcoffrej Royncs ^ 

on 112 patients on whom ho has performed thvm, i ’'iDsuppIied us with statistical dsts 
non neoplastic ^ omies, 11 wort thymomas and 101 wc"* 


27 



28 


BENJAMIN CASTLEMAN AND EDGAK H NORKIS 


Incidence 

It IS very likely that considerable selection has operated in the cases reported 
in the hterature, because these are largely individual case reports, instances in 
which a thymic tumor was foimd are more likely to have been recorded than 
those in which the thymus had no tumor 

Also, with the increase in thoracic surgery, those patients without x-ray evi- 
dence of a thymic tumor are more apt to be operated upon. It is only very 
recently that the patient without evidence of a tumor is bemg subjected to thy- 
mectomy, thus alloAvmg for a better evaluation of the mcidence of thymoma to 
nonthymoma Perhaps Keynes’ (2) and Blalock’s (3) figures of a 10 per cent 
tumor incidence or Good’s (4) figures from the Mayo Climc of 15 per cent are 
more accurate than the 30 per cent incidence of the entire series of reported 
cases 

A review of all the thymic tumors at the Massachusetts General Hospital 
uncovered a few lymphomas and teratomas, but none of these came from myas- 
thenics What is more, the total group of th 3 rmic and mediastmal tumors in- 
cludes only one case not associated with m 5 ’’asthenia gravis in which the lesion 

TABLE I 

Dislnbutton -per decade 


AGE 



(M) 

10-19 

20-29 

30-39 

40-49 

S0-S9 

60-69 

Total 

Thymoma (no of cases) 



14 

28 

28 

24 

3 

97 

Nonthymoma (no of cases) 

2 

34 

91 

67 

27 

8 

4 

233 

Thymoma (percentage of cases) 



14 5 

29 

29 

24 5 

3 

i 100 

Nonthymoma (percentage of cases) 

1 

15 

39 

29 

11 

3 

2 

1 100 


resembled that found m our group of 10 tumors vith myastheniagravis This was 
in a man of fifty, with symptoms of a mild, upper mediastinal syndrome and no 
symptoms, signs orlaboratoryevidenceof myasthenia gravis, who had at operation 
a mediastinal tumor surroimdmg the great vessels Microscopically, it fits m 
with Pattern I (to be descnbed) of our thymoma senes It will be interesting to 
follow this patient to see whether he develops myasthenia gravis. It is well 
known that occasionally (we have had 2 and the Mayo Clinic 5 cases) there is 
definite x-ray or climcal evidence of a mediastinal tumor years before the onset 
of myasthenia symptoms 

Age 

Table I shows the age distnbution of 330 cases both by number and percentage 
of cases for each group. One staking finding is that only 14 5 per cent of the 
tumor cases occur before the age of thirty and none below twenty, while in the 
umtumor group, 55 per cent occur before thirty and 16 per cent are under 
twerrtv. The thvmomas are most common between thirty and sixty years of 
^ 5 '% and the nonthymoma cases between fifteen and thirty-five 
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Sex 

The sex distribution for aW cases of myasthenia gravis classified according to 
age IS gi\enin Figure 1 There were 206 females and 123 males From this 
figure It is apparent that up until the age of forty myasthenia gravis occurs much 
more often m the female Of the 237 cases under forty, 70 per cent w ere females 
After the age of forty, there ^ere a few more males than females, 54 males and 
48 females, but the difference may not be significant 
WTien the analysis of the sex distnbution is earned out for the tumors and 
nontumora (fig 2) one observes that the thymomas occur more often m the male 
(00 per cent) One should pomt out, however, that myasthenia gravis is a bit 
more common in the male after forty years of age and since thymomas are found 

SEX DISTRIBUTION 

80 ■ 

70 - 

60 ■ 

SO • 

40 - 

30 - 

20 ■ 

I 0 • 


Tig 1 

more often in the older age group, perhaps the sex difference between thymomas 
and nonthymomas may be merely a matter of age difference 

Duration of symptoms 

The strilung iindmg is that the duration of the symptoms in the thymoma cases 
is much shorter than m the nonthymoraa cases (Table U) About half the 
thymoma cases had symptoms foi one year or less m contrast to 30 per cent of 
the nontumor cases Also, only 18 per cent of the thymoma patients had symp- 
toms for over three years, while this was true for 40 per cent of the nontumoi 
cases 


AMONG ALL CASES OF M G 

mi Mole 
[ i Femole 
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Since early operation may affect the natural course of the disease, Table III, 
deahng with only nonopeiative autopsy cases, was prepaied Here also the 
duration of sjnnptoms in the thymoma cases is shoit, 55 per cent of the thymoma 



AGE AGE 

Fig 2 
TABLE II 

Duration of symptoms (807 cases) 


CASES PEIOE TO OPEKATION OE AUTOPSV 



Under I yr 

1-3 yrs 

Over 3 yrs 

Total 

Thymoma 

43 (50%) 

27 (32%) 

15 (18%) 

85 

Nonthymoma 

65 (30%) 

67 (30%) 

90 (40%) 

222 


TABLE III 

Duration of symptoms of 88 autopsy cases 



1 YR OR LESS 

1-3 YRS 

OVER 3 YRS 

TOTAL 

Thymoma ^ 

22 (65%) 

9 

■■ 

40 

No thymoma 

17 (35%) 

16 


48 

Total 

39 

25 

B 

88 


cases having symptoms for one year or less versus 35 per cent for the nonthymoma 
cases 


CASE REPORTS 

Group A thymoma (see Table IV) 

Case 1 (L F, 377, 915 ) A male, twenty -eight years old, witli symptoms of mj'asthenia 

gravis for one and one-half years 
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^P^rdinc findings and gross dtscnplwn of surgical specimen A tumor of the tlumus 
loc UetJ m front of the ni,ht pulinon«r% hilum 'interior and Hteral to the right 'luncle 
S 3) 'Ihjmic tissue i\as present on both sides of the tumor 
he specimen consisted of 2 elong itcd, roughlj U shaped pieces of tissue that u cighcd 
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40 grams The tissue of the two arms was lobulated and reddish jmllow In the lower 
portion of the right arm was a firm, well -encapsulated, irregularl}' oval mass 4 \ 3 \ 2 cm , 
the cut surface w as w hitish gray, homogeneous and divided into lobules by connective tissue 
bands 

Microscopic findings General structure of the tumor The tumor was surrounded by 
a thick capsule of dense fibrous tissue from which septa aiose to partially divide the tumor 
into lobules of variable size and shape (fig 4) The septa became attenuated and more 
and more delicate in the deeper parts of the tumor so that the outline of the lobules became 
less definite and the tissue of adjacent lobules tended to become confluent In places just 
outside but intimatelj associated with the capsule of the tumor, bits of uninvolved thjmiic 
tissue were present 



Fig 4 Cise 1 Photomicrograph at low magnification showing lobulation of tumor 
Note variation in density of lobules, the pole on the right is prcdommantlj' epithelial 
Note also a rim of normal thj nius outside the capsule X 10 


The structural make-up of the lobules of the tumor showed great variation due to the 
varying proportions of epithelial cells and ljmphocj'’tes, but in general each individual 
lobule was the same throughout At times the appearance of two adjacent lobules was 
\er 3 different, the transition from one pattern to another often being abrupt (fig 5) On 
the basis of these structural variations three distinctive histological patterns have been 
recognized 

Pattern I The tissue is made up largelj of epithelial cells arringed in the form of an 
irrcgulir network of anastomosing cords, whose size and form appear to be determined 
b^ the size and arringement of the capillaries and sinusoids to which the cords arc related 
Here and there, through an exaggeration of this pattern, an adenomatoid arrangement of 
epithelial cords is produced (fig 6) Along and about the \ascular elements and in the 
tissue spaces between the epithelial cords a few hmphocjtes are lined up in rows or are 
sparseh present in small groups Where the Ij mphocj’tes are sparse thej' appear to have 
been squeezed out bj the disproportionate overgrowth of the epithelium (fig 7) 
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Pattern 11 In this pattern the amount of the epithelial and lymphoid elements is 
nearly equal, intermediate between Patterns I and III (fig 8) 

Pattern III Here the tumor is made up largely of lymphocytes The lymphocytes 
are crow ded together and predominate so greatly in numbers that the less numerous epi- 
thelial cells are partially obscured, these latter are disposed in the form of a loose sjn- 
cytium, and it is into the w'lde, intercellular interstices of this syncytium that the lympho- 
cytes are crow ded (figs 5 and 17) There is no attempt at germinal center formation 
Multiple sections of the tumor from Case 1 indicate that most of the tumor was made 
up of tissue corresponding to Patterns I and II in about equal proportions, only a small 
part of the tumor show cd the structure of Pattern III 

Apparently the tumor lobules represent enlarged thymic lobules, for they had the same 
general form and arrangement as lobules of a normal thymus However, in the tumor 



Fig 7 Another area of Case 1 with thin rows of lympliocytcs apparently being squeezed 
out by the epithelial ceils X 180 

lobules there was no regular, topographical organization of cortical and mcdull'irj portions 
No adipose tissue and no Hassall’s corpuscles were found within this tumor In the coper 
parts of the tumor liquefactive, degeneration cysts were noted in considerable num lers 
Cylologtj of the tumor The epithelial cells had irregular cell bodies that were > 

broadlj or narrowly, by more or less attenuated sj'iicjdial processes with ncig i wring ce s 
For the most part the outlines of the epithelial cells were indefinite, since cc wa s were 
poorly developed The cytoplasm was finolj grinular and faintlj acidop ii ic or amp lo 
philic The nuclei of the epithelial cells were most characteristic (fig 0), fjpica } ic 
nucleus was a rolativclj large ovoid boclj , outlined bj i delicate, but \crj istinc nuccar 
wall Small masses of chromatin tended to be arranged ne\t to the nuclear wa an a ew 

similar granules were scattered irregularlj through the nucleus Delicate stran so c iro 

matic material separated the nucleus into compartments that were filled wit c ear nuc ear 
sap Each nucleus contained one or sometimes two, prominent and dense > s ainc nuc e 
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oil The chief virmtions from this nuclear ti po had to do n ith changes in its shape Not 
a fen nuclei nerc elongated ovouls, some were notched oi indented, nhile others ncre ir- 
regularly angular No mitoses ncre obsened m this tumor Thus, in general, the epi 
thelial cell and its nucleus stained palely and its vesicular appearance contrasted sharply 
iiith the more deeply stained lyniplioci tes Tiiclattci had no \isible, stamable cytoplasm 
The round nucleus iias outlined be a distinct iiucloiir nail and contained several blocks 
of dense chromatin, the nuclear sap nas distinctly baaophilic and the entire nucleus very 
dark 

Description of the vmm ohed Ihjmus The thy inic tissue adjacent to the tumor’s capsule 
and that located in the mediastinum, but less closely related to the tumor, had the same 
structure, it resembled the moderately inv'olutcd thymus of an adult In it the lobular 
arrangement nas dcrmitc and cortical and medullary portions were easily recognized, the 



Fig 8 Case 8 Agoodcvample of Pattern II nith ibout equal distribution of epithelial 
and Ijmphocy tic cells X ISO 

mass of the medulla exceeded that of the cortex Hassall’s corpuscles were present in 
normal numbers In one section a n ell defined germinal center nas present in the medulla 

Case S (J L , 357,689 ) A male, forty one years old, with symptoms of myasthenia 
gravis for one year At operation no tumor nas found in the mediastinum Such thymic 
tissue as could be recognized nas removed, it neighed 8 4 grams The patient died on the 
Ibirii postoperative day of marked pulmonary congestion and edema 

Autopsy findings At the root of the left lung anterior to the bronchus there uaa a white, 
firm nodule S x S cm that uas adherent on its posterior surface to the anterior as 2 iect of the 
bronchxiB 

Micioscopic findings Except that the lobules nere smaller and more completely sepa 

rated by septal bands (hg 10), the general architcctiireof this tumor naslikethatof Case 1 

Iv o unmvolved thymic tissue n as found adherent to the capsiilo On one surface the tumor 
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i\'as adherent to the visceral pleura Throughout there vas a very high proportion of 
jpithelial cells similar to those described in Case 1 (fig 11) 



Fig 9 Case 1 A high power view showing details of the epithelial cells Note their 
variation in shape but absence of anaplasia A few scattered lymphocytes are present 
X 400 



Fig 10 Case 2 Low magnification of ectopic thjmoma at root of left lung showing 
lobular arrmgement X 2o 

Description of the surgical specimen The thymic tissue was moderately involuted, the 
lobules being rather wadelj separated by adipose tissue (fig 12) In it the lobular arrange- 
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mcnt was dcfm.to and corl.cal and mcdullarj *oncs were casdj rocogmzod, Haasall’s cor 
pusclcsncre present in normal numbers, manj germinal centers ncre seen in the medulla 



Fig 11 Higlv magniHcition of rigure 10 showing botli cpithclml and Ijmphocj tic cells 
X400 



Fig 12 Case 2 Moderately involuted tbjmus removed surgically before the thymoma 
shown in Figures 10 and 11 was discovered at autopsv Arrows point to some of germinal 
centers Cjstic foci are Hassall’s corpuscles X 12 


Case S (M D , 550 751 ) A woman, fortj seven jears of age, with sjmptoms of my- 
asthenia gravis for one > car prior to her operation X ray rev ealed a mass in the anterior 
mediastinum 

Operahue ^nduigs and gross desenpOon of surgical specimen A smaU, normal appearing 
fatty thymus was e\poscd m front of the aorta, but to the left of the aorta, extending down 
along the pleura and over the pulmonarj arterj was an irregular mass that measured 
8 \ 6 X 4 cm In two places the left pleura was dcnsel> adherent to areas of necrosis in 
the tumor The left phrenic nerve nn within the capsule of the tumor and had to be dug 
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out The tumor was removed together with the adherent pleura, and a biopsj" taken from 
the uninvolved thjmus 

The specimen was an encapsulated, slightly lobulated, moderately soft, grajish-pink 
mass that weighed 55 grams (fig 13) On section the tissue was very soft and a few' small 
cystic spaces filled with clear fluid were present (fig 14) 

Microscopic findings The capsule, stromal septa, and lobules were much like those seen 
in Case 1 Throughout epithelial and Ijmphocj'tic elements were present in nearlj' equal 
amounts, and the tumor conformed to Pattern II (fig 15) No mitoses were seen Lique- 
factive, necrotic cjsts were present in the central part of the tumor, and an occasional 
Hassall’s corpuscle was found within the tumor tissue 



Fig 13 Case 3 E\teinal view showing lobulation and well defined encapsulation 



Fig ll Cut sui face of tumor shown in Figure 13 showing lobulation and cystic degenera- 
tion 

Dc'^criplion of the bwpsi/ of unimoli'cd thymus The thjmius was markedlj involuted 
Corticil ind medullarv zones were not distinct and the delicate lobules were widelj sepa- 
rated bv idipose tissue A few questionable germinal centers were present in the medulla 

Case Jf (E H,G01,S71) A woman, age tliirtj -one, with mild S3'mptoms of mj asthenia 

gruv IS for three and a half v ears A mediastinal tumor w as seen bj v-raj at onset of sj'mp- 
toms and three senes of \-iaj treatments were giv’en without relief S 3 mptoms recentl 3 
increised in sevcrit 3 and the mediastinal shadow had increased in size 

Opiratiic fiindtuQs The tumor was enormous and consisted of two parts, one l 3 ing in 
the mcdiastiiium embracing the ascending aorta and extending to the anterior chest wall 
and from the level of the heart up almost +o the base of tlie neck This portion of the 






Tiir TinJins m xnvsTnrNiv grv\is 


39 


tumor «ns dense and firm and could not be dissected tree from the aorta or anv of tlie ad 
laccnt tissues to ulucb it was adherent The second part of the tumor was verj soft and 
vascular, arising from the dense portion and catcnding upward and postcriorlj into the 
left chest, grow iiig through the mediastinal pleur il rtflectioii and directlj into the adjacent 
surface of the upper lohe of the lung , 

Microscopic jimUng'i The biopsj of the firmer portion of the tumor was predominanth 
opithelial and Ids in with Pattern I (fig IG) lAiiiphocv tes were scattered among the 
eliithelml cells and often were collected around a large group of epithelial cells Denso 
fibrous connective tissue bands surrounded islands of the eiuthelial cells and probahlv ac 
counts for the firmness of the tumor grosslv Tlie epithelial cells were similar to those 
described 111 Case 1, but unlike inv of the other cases, an oecasional mitosis was seen The 
biopsies from the grosslv softer areas were comprised predoiiunantlj of Ijmphoevtes with 



Pig 15 Photomicrograph of tumor shown iii two previous figures Note the character 
istic epithelial cells scattered among the Ijmpliocytcs X 300 

V few scattered epithelial cells confoi imng to Pattci n III (fig 17) llei bblso an occasional 
mitosis was seen in the epithelial cells between the Ij mphoev tes No evidence of noimal 
thvmus or HassalPs corpuscles was observed , 

Case (J C , B I H ) A male, fmtj five jears of age, with mvasthema gravis for 
eleven voars Seven and one half vears pnoi to death (three and one half jeara after 
onset of sjmptoiiis) a mediastinal mass was lecognizcd bj \ raj According to the roent- 
gonolooist the mediastinal tumor increased in size, cspccmllj during the last jear of his 
life N raj tlierapv was giv en over the mediastinum during the lattei months Onseveial 
occasions there had been a loft lijdrothorav, but no malignant cells were found in the 
fluid withdiawn Death occurred from lespiratorjr failure 


•The authors wish to thank Dr M J Sclilesinger of the Beth Israel Hospital, Boston 

for permission to include this ease ’ ’ 
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Antopsy findings The mediastinum was filled wuth tumor tissue, which extended from 
the manubrium to the aorta and into the posterior mediastinum, where it formed a chain 



Fig 16 Case 4 There are large islands of epithelial cells with a scattering of lympho 

c3'-tes X 200 



Fig 17 In another portion of the tumor in same case as Figure 16 there is a predominance 
of Ij’mphocvtes X 100 

of nodular masses that surrounded the aorta and esophagus However, there did not ap 
pear to be anj encroachment upon the great veins or the trachea Antenorh , lobu es 
of the mediastinal tumor seemed to have extended into the substance of the left lung n 
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section the tumor «ns nude up of llesliv, firij pink, soft tissue and some pirts appeared 

to be undergoing necrosis 

Microscopic ftmlwgi Despite the loiig period of time tliat tins tumor n as knon ii to l av c 
been present, and desiiitc its sire and e\tciisi\cness, it luis rcmarkatilo to observe lion 
well the lobular irrangement, similar to tint of the normal tlijmus, hid been preserved 



Tig IS Cues An evaiuplc of cvtension of tumor to visceral pleurv >ote the presor 
vation of the lobular arrangement of the tumor X 15 



Fig 19 Another field of Case 5 ahovvang orderly invasion of lung parenchj ma X 65 

m peripheral parts of the growth This morphologic feature was particular!} noil seen 
in those parts of the tumor that were encroaching upon the pleura and the lung (fig IS) 
On one surface the tumor had broken through its capsule and through the adj acent v isceral 
pleura to inv adc the lung This evtcnsioii into the lung, how ever, w as not a w ild invasion, 
but had more the appearance of an ordcrl} encroachment (fig 19) The histologic structure 
was rather uniform throughout The epithelial cells and l}mphoc}tes were present in ap 
provimatclv equal amounts (Pattern II) In cells of the epithelial t} pc a considerable 
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number of hj^perchromatic, macronuclei were present (fig 20) No uninvolved thymic 
tissue \^as found either in the gross dissection or microscopically 


^ '•‘A 
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Fig 20 High magnification of tumor shown in two pievious figures demonstrating 
hypcrchromatisni and macronuclei of the epithelial cells X 450 



Fig 21 Case 6 Tumor nodule inviding diaphragm Note presen ation of lobu ar 

architecture and reactive blood vessels mound tumor X 100 

Case G (HR, 346, 45S ) A male, thirtj -sn j cars old, wath symptoms of 
graMS for two and one-half jears A.bout eighteen months before ea i a anxt^ro 

icmoe ed The patient improe ed for a time following the operation, but develop . 
djspnci and died eighteen months postopcrativ cl3 
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Opcrali) c findings and gross rfcacrtplioii of surgical specimen Two lobca of normal appear 
ing th> mus w ere exposed behind the manubrium In the left lobe n tumor ii as identified on 
the lateral aspect of the aorta and upper pericardium 1 he pleura and lung w ere adherent 
to the tumor and a portion of the pleura was removed with the tumor, the tumor was also 
adherent to the peric irdium and the loft phrenic nerve, from which structures it could bo 
separated hj blunt dissection 

The specimen was a graj white, somewhat lobulatcd, encapsulated mass that measured 
8\G5\25cm and weighed 50 5 grams The cut surface show eel rclativcli soft, grajish 
pink tissue that was divided into lobules bv fibrous septa 



Tig 22 Case 6 High power view of both epithelial cells and lymphocytes within 
muscle fibers of diaphragm X 160 


Aiitopsp findings Mcdiastmum, thjnius, pencaidium, and right pleural cavity wore 
negative The left pleural cavity contained 200 cc of straw colored fluid, when this 
fluid w 18 removed, a mass 7 5 \ G 5 x 1 cm was discovered adjacent to the left crux of the 
diaphragm and adherent to the visci ril and diaphragmatic pleura There were no other 
pleural adhesions 

Microscopic findings The tumor removed at operation was uniformly constituted and 
had neirly equal imounts of epithelial and lymphocytic tissue (Pattern II) A few 
Hassall’s corpuscles appeared to hax e been folded into the tumor along with hits of thy mio 
tissue that had heen included hetween expanding lobules of the tumor No mitoses were 
found 

The tumor discovered at autopsy on the pleural surface of the left diaphragm had the 
same basic structure as the tumor removed at operation (fig 21) It had infiltrated the 
diaphragm, and muscle fibers in groups and individually were separated and surrounded 
bv tumor tissue in which both epithelial and lymphocvtie elements were present (fig 22) 
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Within the diaphragmatic lesion there i\ere many more large capillaries and blood vessels 
than in the mediastinal tumor, these had the appearance of reactive stiuctures rather 
than essential elements of the tumor 

No umnvolved thymic tissue vas available for microscopic study 

Case 7 (J J , 357,599) A male fift 3 ’--seven 5 'ears of age, vhose simiptoms of mj as- 
thenia gravis began about one year before his death The patient did poorly on prostig- 
mine and died 

Autopsy findings A bilobed mass, having the contours of the thjmius, vas present in the 
anterior mediastinum, the right lobe measured 12 \ 4 \ 3 cm and the left, 5 \ 2 \ 1 cm 
(fig 23) The tumor vas j'ellov -graj'^ and had a somevhat lobulatcd structure The cut 



Fig 23 Case 7 Thimioma showing bilobed lobulated structure 


surface w as divided into lobules of irregular size by strands of connective tissue and some 
small areas of necrotic softening were noted 

Microsopic findings This tumor conformed to Pattern II as there were nearlj equal 
amounts of epithelial and Ijmiphoid tissue An occasional lobule had a structure more like 
Pattern III No Hassall’s corpuscles and no mitoses were found within the tumor 
No unin\olvcd thj mic tissue was available for microscopic stud} 

Case 8 (J V , 372,501 ) A male, tw ent} -eight } ears old w ith symptoms of m 3 'asthenia 
gravis for about four 3 ears A tumor in the mediastinum was recognized b} \-ra 3 t ree 
3 ears prior to the operation A series of x-ra} treatments was given 

Operatne findings and gross descnplion of surgical specimen A firm, irregular mass was 
removed from the anterior mediastinum Normal-appearing, fatt\ thvmus was oun 
near the tumor, but this tlnmic tissue was not resected The tumor was a nodular en- 



THE THYMUS IN MYASTHENIA GRAVIS 


45 


capsulated mass that measured 9 % 5 \ 4 5 cm and weighed 97 grams The sectioned sur- 
face was divided by fibrous trabeculae into irregular lobules of soft, friable, pinkish-yellow 
tissue 

ibcroscofic findings The greater part of this tumor had undergone necrosis and much 
of the tissue had been converted into an amorphous mass in nliich crystals of cholesterol 
were conspicuous The structural make up of the viable portions conformed to Pattern 
II In its peripheral parts the tumor had a lobular arrangement 

Outside the capsule there were small foci of a few fat cells and an occasional Hassall’s 
corpuscle A single germinal center was scon in one section 

Cases (C K,2G,25S) Afemale, fifty-fouryearsof age, with symptoms of ray asthenia 
gravis for two years preceding her death 

Autopsy findings There was a lobulatcd, encapsulated mass in the anterior mediastinum 
that measured 5 x 4 v 3 cm The cut surface showed grayish pink tissue that was divided 
into lobules by fibrous trabeculae 

Microscopic findings This tumor had very umform structure throughout It was made 
up of nearly equal amounts of epithelial and lymphoid tissue (Pattern II) Some areas of 
liquefactive necrosis were present, but no fat cells, Hassall’s corpuscles or mitoses were 
noted A thick capsule of dense fibrous tissue surrounded the tumor Atrophic thymic 
tissue without any germinal centers was present just outside the capsule of the tumor 

Case 10 ‘ (J S , 237,973 ) A colored male, forty eight years old, with symptoms of 
myasthenia gravis for about nine months 

Autopsy findings In the anterior mediastinum was an encapsulated, ovoid mass that 
measured 75x56x26 cm On section the tissue was gray white, firm and homogeneous 
Microscopic findings This tumor conformed to Pattern III as lymphocytic elements 
predominated greatly over the epithelial elements No Hassall’s corpuscles, fat cells, or 
mitoses were seen There were some areas of necrosis in which cholesterol clefts were 
prominent In certain places immediately outside the capsule of the tumor, atrophic thy 
mic tissue with an occasional germinal center was present 

Group B non-ncoplasltc thymus 

Table V gives the pertinent data on the 25 cases that did not have thymomas 
Eighteen were operative specimens and 7 were obtamed at autopsy Except for 
two patients aged forty-six and si\ty-two ail the patients were under thirty-four 
years of age The weights of the thymuses ranged from 11 to 27 grams— all 
withm normal limits for the age of the patient From the gross exammation, 
one could not detect any difference from a normal gland 
Microscopically, there was one finding that was almost constant and that was 
the presence of lymphoid germinal centers within the medulla Because of this 
stnlung abnormality the oases w ere arranged in Table V according to the amount 
of this germmal center formation All but the last 6 cases in the table oontamed 
some germinal centers and those at the top of the list showed the most extensive 
involvement 

The description of the first 7 cases in the table may be grouped together 
There was only slight involution as shown by the small amount of fat tissue in 
between the lobules, cortical and medullaiy zones were readily recognized and 
seemed to be clearly demaicated from each other in many places The cortex 
* This case was reported in 1923 by Molla (5) 
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was composed of islands of lymphocytes with a scattering of a few epithehal cells 
These islands appeared denser than normal but this was almost certainly due to 
the fact that they were compressed by the medulla which contamed, and in some 
areas seemed packed, with lymphoid folhcles with germmal centers. This 
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ballooning out of the medulla produced a pseudo-capsule between the medulla 
and the cortex. The cortex seemed like a cap over the medulla (figs 24 and 26) 
This IS in sharp contrast to the normal thymus where there is usually a gradual 
merging of cortex and medulla (fig 27) This capping or sharp separation of 
cortex from medulla is w ell brought out with reticulum stains The latter show 
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';e ry';''.%r‘ t'e sojrCe? anpearei ncxmai. ccnoo: 
t)')unA j;y/j>o/C ’o* <£ h rojy/ior.'C*-, op^J.'elfai oeJl- and Bosoall's ecxp ns:! 
mod*;1l?o ' ^ ' e"i Vyr/ipre-'-ed some.rjiat- l/tit nsnallr there ~as a fafr 

tiutunn'' Oi 3:n<Av)hi "/;d'cr3f, 

7 i )0 it<;/J U ea-/'- /A'/-,-, 38— 2-^y t.ere not Jinlihe trie first gronp except that the 

nof/dxo of hi Oie rnedniia 'vere not so ntimerotis (£g. 25}. The 

dcy/'o. of jij'.ohjlion v.a' about the same. Since the medulla rras not so dis- 
i/'H'UA "< if b a . timiy germinal center-, the separation of cortex from medulla rras 
r>o< too <'/)Si phn<)Hr. 

Of i}t<> 8 ea-^'' 127-29; '.ith only a rare germinal center, one showed no involu- 
<hc j/'f'Ond only i-liglit involution, and the last vras rnarkedh' involuted. 

))C iact group of b ear/-- 180-35) contained no germinal centers at all. Of 
bur }1 h po ribh' ihat an m^^ufficient number of blocks of tissue were exam i ned 
ii> I \ih> out thf'j) a b/ "nee eomphUelv Al-o the mo=t marked degree of involution 
had lakeu j>)a"e in rno-tof Ihc'-e glands so that there va‘'Ver}'httle thjmic tissue 
to j tudy , f t if) itiUf ) crf mg < o point out that the two olde-jt patients v ere in this 
la »f gjoup. 

Of (hib gioiip of 25 ca^-eb, lymph nodci weie available for studj' m onl 3 ' 8 and 
geiminal canbos weie prewuit in vaiying numbers in o (Table V) Splenic sec- 
lioni' Wfito e<arnified in 7 and only 2 showed an occasional germinal center An 
inf ercKting finding was the pie'-crice of definite parathjuoid hj^perplasia m 2 of the 
3 eiiKet} wImmc this gland was available. 


nibcussioN 

Thymoma 

( fill) racteristicidly file lliynioma is a fiim, iiregularly round or ovoid mass that 
is well eiieajihulufed and wlioso geiictally smooth surfaces may be bioken b}' 
Hinidlei or largi'i lobulatioiiB 7 ’Ik* cut suifaee is divided by septal connective 
tiwiie inlo lobules of iriegnlai size and shape The paiench 3 Tna is soft and 
grayish-yellow or giayish-pmk Liqucfactive cystic aieas aie fiequentlj’- noted 
Oeeasioiialiy aieas of caleification, paiticuJaily m the capsule, have been ob- 
aei ved. 

7'he Hiw' of the f.umoi is vaiiablc llaicly, as in oui cases 4 and 5, the lesion 
nia^' fill llu' niediasfimmi If is mtcicsting to note that these patients sj^mptoms 
weie of tliK'e and ele^('^ 3 ’eais^ duialioii the onb'^ two cases in oiii tumor series 
will) s^unplom.s o\er lliu'e yeais The mcasuiemcnts vaiy but average / x 5 x 
2.5 cm. Weighl.s have langod fiom 10 to 136 giams, Miih an aveiage of TOgiams 

M'lu’ Ihymoma may doAoloi) m any pait of the Ihj’mus as a ciicumsciibed, en- 
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cnpsulated mass Adjacent to the mass, noimnl-appearing thymic tissue often 
forming a nm, has been repeatedly observed This produces a relationship 
similar to that caused by the development of adenomas in other glands such as 
as the thjToid, panthjroid, and pituitaiy The structure of the associated 
uninvolvcd thymic tissue corresponded rather closely nith iihat would be c\- 
pocted for the age of the particular individual, and in all but one case the nm 
contained an occasional germinal center 
Judging from post-mortem records, apparentlj the grow th of most thymomas 
tends to be self-limited at a point of moderate size, this appears to be so, for some 
cases have been obscived bj’ x-ray o\cr years of time Charactenstically, the 
tumor grows byo\-pansion, and atrophyor displacement of neighboring structures 
may occur, or such structures as the phrenic ner\e may become incorporated by 
the tumor Occasionally the tumor may attain a huge size and grow until it 
nearly fills the mediastinum (Cases 4 and 5) 

In general, the gross appearance of thymomas conforms to w’hat might be ex- 
pected of benign tumors Although the very large tumors of our cases 4 and 5 
had broken through their capsules and there was invasion of the overlying pleura 
and lung, the extension of these particular tumors did not have the appearance 
of disorderly, wild ini asion , it was more like an orderly expansion with encroach- 
ment upon the pleura and the adjacent pulmonary parenchyma In no case 
in our senes did we obsen e evidence of distant metastases 
Howeier, as indicated by case 0, apparently a thymoma may grow from a 
transplant In case 0 the surgeon had opened the left pleural sac while removing 
the mediastinal tumor, eighteen months later at autopsy a small tumor, having 
the identical structure of that previously and completely removed from the 
mcdiastmum at operation, was found growing on the pleural surface of the left 
diaphragm That this diaphragmatic lesion represents an accidental surgical 
transplant seems very likety It is not interpreted as a metastasis because, 1) the 
pnmarj tumor was not malignant, 2) there were no other metastases, 3) this 
diaphragmatic lesion was not destructnely invasive after the manner of metas- 
tases, 4) the opemng of the left pleural sac during the operation provided the 
opportunity for a fragment of the mediastinal tumor to be introduced into the 
pleural ca\ ity and to settle in the most dependent place, and 5) the diaphragmatic 
lesion caused the growth of large numbers of new-formed capillanes These 
capillaries are like those that would form in response to a mdd, chronic irritant 
As indicated m our case 2, the thymoma maj develop m ectopic situations 
Although at operation and at autopsy no tumor was found m the usual location 
of the thymus, a tumor having the histologic characteristics of a thymoma was 
found at autopsy attached to the antenor surface of the left bronchus The 
presence of a bit of thvmio tissue m this region can bo readily explained embryo- 
logicallj This case is very important because it raises the question as to whether 
in some of the cases of myasthenia gravis in which onlj normal-appeanng thymus 
was found either at operation or at autopsy, a thymoma may well have been 
present m ectopic locations and not discovered Lobules of thymic tissue are 
not infrequently found m the neck and anj where in the mediastinum Perhaps 
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some of the cases that seem to be out of line with respect to age and duration of 
symptoms might have had undiscovered thymomas. It is diflBcult to avoid the 
analogy to the parath3Troid tumors which, we Imow, not infrequently occur ec- 
topically m the mediastinum It was only the chance autopsy findmg of a large 
parathyroid tumor m the mediastmum that has led to the routme mediastmal 
explorations for parathyroid adenomas when none is found in the neck 

For simphcity and to aid m compansons we described three histologic types. 
Pattern I in which the epithelial elements far outnumber the lymphocytes and 
whose structure resembles an early embryonic th3anus, Pattern II in which the 
epithelial cells and lymphocytes were present m nearly equal amounts, and Pat- 
tern III in which the lymphocytes outnumbered the epithelial cells For the 
most part, these tumors tended to have the same pattern throughout, but m 
some, there weie examples of more than one pattern (Table IV) There was no 
correlation of the structural patterns with the age, duration, and character of 
the patient’s disease The patterns have emphasized the resemblance of the 
tumors’ architecture to stages m the normal histogenesis of the thymus ( 6 ) and 
account for the single or mixed structural arrangements vnthin the same tumor 
Use of these patterns has also pro\aded us with an explanation for the vanety of 
histologic diagnoses that have been attached to this tumor m the literature 
This tumor has been called thymoma, malignant thymoma, grade four thymic 
epithehoma, carcmoma, penthehoma, lymphosarcoma, thymoma, lymphosar- 
coma type, benign lymphocytic thymoma, etc. Apparently these names have 
been multiphed because it has not been appreciated that for the same tumor there 
existed a variety of histologic patterns that conesponded to stages of thymic 
histogenesis 

The large, poorly-outlmed epithelial cell with its large vesicular nucleus is the 
most characteristic element of this tumor In examples of Pattern I these cells 
are arranged in irregular coids or masses In examples of Patterns II and III 
the epithehal cells aie more Avidely separated fiom one anothei Mitoses are 
rarely observed in the epithehal cells In only the two cases with extensive 
mediastinal involvement did we observe any considerable variation in the size 
of epithehal cells Lymphocytes are present in all thymomas in numbers that 
are inversely proportional to the number of epithehal cells The lymphocytes 
appear to be wedged in between the epithehal cords m Pattern I, and in Patterns 
II and III they fill the mterstices of the epithehal syncytium I^ssall’s coipus- 
cles do not form an essential part of the thymoma It is our opmion that when 
Hassall’s corpuscles are found within the tumor they represent bodies that have 
chanced to be incorporated by the expanding tumor 

Is the thymoma of myasthmia gravis a true tumor? 

Several facts and observations lend support to the thesis that the thymoma 
is a true neoplasm In the first place, the lesion develops within the thymus 
gland and has the form of a ciicumscnbed, expansive, encapsulated mass, and 
uninvolved tlijunic tissue is commonly associated ivith the lesion If this nere 
merely hyperplasia, one would expect all the thymic tissue to lespond in the same 
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fasbion The nm of normal tissue around the lesion argues in favor of a neo- 
plasm Secondly, the thymoma grows by expansion after the fashion of other 
benign grow lbs Tlurdly , as m other tumors, this lesion is made up of tissue in 
which various stages in the histogenesis of the thymus are simulated Finally, 
the fact that thus far w e have no evidence that this lesion is physiologically active 
does not contend against its neoplastie nature We Icnow so little regardmg the 
function of the thymus that it w'ould be easy to overlook evidence of physiologic 
activity 

K we therefore admit that the thymic lesion is a true tumor, is it always 
benign? Wo have indicated above that although the tumor may grow to fill the 
mediastinum, may even encroach upon the lung and pencardium, m none of our 
cases nor m those reported in the literature has there been evidence of a true 
metastasis It is true that nodules have been found on the pleura in a few cases 
reported m the literature but from the evidence in our case 5 where an implant 
developed postoperatively on the diaphragmatic pleura, it is not unlikely that 
the pleural nodules in the reported cases are also implants If implantation 
connotes malignancy, then the thymoma may bo caremomatous m a very small 
percentage of cases (between 5-10 per cent) However, oven in these cases the 
cytology IS not that of a very malignant tumor Mitoses, if present, are rare 
By and large, the thymoma of myasthenia gravis should be considered as a be- 
mgn neoplasm 

Non ncoplaslic thymus 

Most authors agree with the observations made by Hammar (7) m 1926 on the 
weight of the thymus in relation to age His findmgs are graphically depicted 
in Figure 30 Several conclusions regarding the growth and age changes in the 
normal thymus seem evident From birth to puberty the thymus mcreases m 
size At or about puberty the thymus attains its maximal size and beginning 
shortly after puberty it decreases in size rather rapidly Dunng middle life the 
thymus continues to decrease m weight but the rate of decrease is less rapid than 
dunng the penod of young adulthood Throughout life there is a great difference 
between the minimum and maximum weights of thymuses from normal indi- 
viduals of the same age Although the atrophy of the thymus is very con- 
siderable in indiv iduals of advanced years, the gland does not disappear, normally 
it persists in an atrophic state The examination by Sloan (8) of 350 thymuses, 
200 from routine autopsies at the Mms Hopkins Hospital and 150 from patients 
who died suddenly and weie autopsied at the City Morgue, confirmed the well- 
known facts about the histology and involution of the thymus Similar findings 
were obtained by Murray and McDonald (9) from a senes of 1 10 thymuses Our 
owH general observations of the thymus in routine autopsy material agree wath 
those of Hammar and Sloan 

Remembenng the range of indiv idual variability that is normal for the thymus 
of any age group, it is stiiking how well the weight of the glands m our senes of 25 
non-neoplastic thymuses as well as all the nontumor cases reported in the litera- 
ture corresponds to what would be well within normal limits for the age of the 
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particular patient (fig 30) Thus it is fair to say that the use of the terms “en- 
larged” or “persistent” as regards the th 3 Tnus found in myasthenia gravis is not 
justified The thymus noimally persists and in mj^asthema gravis it does not 
weigh any more than the thymus of persons without myasthenia gravis As 
Sloan has stated, “The criteria of abnormality are not to be sought in the size of 
the gland but rather in its micioscopic appearance ” This microscopic differ- 
ence, namely, the germmal center formation in the medulla, well described by 
Sloan, has not been sufficiently emphasized In our series it was present in 75 


NORMAL THYMUS 



AGE IN YEARS 

Fig 30 Graph based upon Haminar’s figures showing the wide variation of th3Tiuc 
weights at any given age The circles represent the weights of the non-neoplastic thymuses 
in cases of myasthenia gravis 

per cent of the cases Most histologists agree that germinal centers are not 
observed in the noimal thymus Sloan, however, did find an occasional Ijnnph- 
oid follicle m 14 of 150 glands from people who died suddenly without previous 
chronic disease, but smce these were city morgue cases, one cannot be sure of the 
clmical histones and physical findings We have not observed them in normal 
glands. Sloan also found a few germinal centers in 5 of 20 patients with hyper- 
thyroidism, m 2 of 5 patients with acromegaty, and m 3 of 7 patients vnth Addi- 
son’s disease It is well known that the thymus m hyperthyroidism is prominent, 
but this may be due to the lack of mvolution and what one usually finds is merely 
the childhood type of thymus The large numbers of gerrmnal centers seen in 
m 3 ’’asthenia gravis are not present in hyperthyroidism and m the small percentage 
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of the cases -whore germinal centers are found, they are relatively fen m number 
The same is apparently true for acromegaly and Addison’s disease In myasthe 
nia gravis, on the other hand, mi olution of the thymus does occur and the germi- 
nal center infiltration seems to develop independently It is true, hon ev er, that 
the fen cases in our senes that did not show germinal centeis vere the markedly 
in\ oliited glands uhere there v as very little thymic parenchyma present Per- 
haps more tliorough examination of these glands iv ould have disclosed them We 
believe it is fair to conclude that the picscnce m the thjmus of germinal centers 
in large numbers or in smaller numbers associated with thymic involution almost 
certainly means myasthenia grans 

The Ihyrtms and myastheraa grams 

The symptoms of myasthenia gravis were described as early as tlie sev enteenth 
century and the malady was established as a chmeal entity in the latter part of 
the nineteenth century by the descnptions of Wilkes (10), Erb (11), Oppenheim 
(12), Goldflam (13) and others Since then, despite the fact that the disease 
has held the attention of many investigators, httle progress seems to have been 
made in clarifying the fundamental nature of the malady The discovery of 
prostigmine as a therapeutic agent, for a time, offered hope that this ding might 
also become an aid in explonng the nature of the disturbed physiology , however, 
efforts along this line of investigation have thus far been inconclusive 
From the point of view of the pathologist, myasthenia gravis is still a clinical 
state for which no regularly associated organic, chemical, or functional changes 
have been recognized as constants m all cases The tissues of the central and 
peripheral nervous systems have yielded no specific lesions In the skeletal 
muscles lymphorrhages may be found but their significance is certainly open to 
interpretation 

Without doubt the changes in the thymus are the most conspicuous and im- 
pressive lesions that have thus far been identified with myasthenia gravis Our 
studies indicate that the thymoma is found m about 15 per cent of the cases that 
clinically are called myasthema gravis, and that this particular tumor probably 
occurs only in myasthenia gravis If our conclusion is correct that the thjunoma 
IS a true tumor then it is difficult to believe that it is a result of, and secondary to 
the myasthenia gravis, although the results from the surgical removal of thy- 
momas are apparently not sufficiently dramatic to establish an etiologic relation 
of the tumor to the disease Of the 6 cases of thymoma operated upon, one w as 
moperable, two died postoperatively and one died one and one-half years after 
operation The two remainmg patients have been followed about one and five 
years The former is entirely well and the latter is only slightly improved 
Keynes (14) of London operated upon 11 thymomas and removed the tumor in 
8 cases Si\ died either postoperatively or from a myasthenic crisis later on, and 
of the remaining two, one is no better, and the other only slightlj improved ’ The 
Mayo Clmic’s report (15) on tumors seems better, a fair result having been ob- 
tamed in 11 out of 15 operable eases Of the 3 tumor cases at Johns Hopkins 
(16), one IS apparently cured, one is somewhat better and one died 
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On the other hand, if the non-neoplastic thymus with germmal center infiltra- 
tion which includes the majority of cases of myasthenia gravis is merely a second- 
ary hyperplasia, it is surpnsing that many of these patients are improved after 
thymectomy Smce the first large senes of thymectomies for the non-neoplastic 
thymus was reported by Blalock (17) only as recently as 1941, long follow-ups 
are not yet available There is no doubt, however, that complete remissions 
and defimte improvements have occurred At a recent myasthenia gravis con- 
ference the results shown in Table VI were reported 


TABLE VI 

Results of thymectomy {nontumor cases) 



NO CASES 

FEECENTAOE 

GOOD SESGI.TS 

Keynes 

100 

50 

Mayo Clinic . 

40 

43 

Johns Hopkins Hospital 

29 

I 45 

Mass General Hospital 

16 

44 


TABLE VII 


Correlation of percentage of improvement and germinal center formation 


AGE 

OOEATION 

GEEmNAE CENTEE 

YEAES POST OPESATIVe' 

PERCENTAGE 

ntpROVEilENT 

32 

years 

11 

+++ 

6 

95 

34 

5 


1 

85 

34 

7 

++ 

6 

85 

46 

10 

-I — HH — h 

■ 4 

75 

19 1 

1 

0 

5 

55 

21 

8 

+ 

6 

50 

30 

6 

+ 

5 

50 

29 

3 

++++ 

6 

25 

19 

1 

+++ 

4 

15 


In our senes of cases we have not been able to make any definite correlation 
between the relative mcidence of germinal centers and the percentage of improve- 
ment following thymectomy. Viets has carefully estimated this percentage of 
improvement, based pnmanly on the decrease m the amount of prostigmine that 
the patient requires. Nine patients of the nonthymoma group have been fol- 
lowed from one to six years and it is interesting that the 4 with 75 per cent or 
bettei improvement did belong in the groups with the larger number of germinal 
centers (Table '\r[I) There were, however, 2 in the upper groups who showed 
poor results The 3 patients in the lower groups (0 or -}- germ center) showed 
about 50 per cent improvement 

We have not been able to establish any relationship anatomically between the 
thymoma and the genmnal center infiltration No germinal centers were ob- 
serv'ed "mthm any of the thymomas, but w^ere seen in the rim of thymus aroimd 
6 of the 7 tumors in which a rim of th 3 ’mus was available Since the patients 
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with thymomas by and large have symptoms for shorter periods of (imo than 
those without tumors, it is difficult to assume that the germinal centers came first 
and stimulated the development of the thymoma iVlso smee onlj a rebtiveh 
small percentage of the cases of myasthenia gravis have tlij momas, the Litter 
could not have stimulated the lymphoid follicle 
Does this germinal center infiltration represent lymphoid hvperpLasia? 
Wliether the small cell of the thjTnus is a thymocyte and duTemnt from the 
lymphocyte has not jet been settled Most people belieie thit thev are tree 
lymphocytes and perhaps the fact that lymphoid germmal coalwa can dei clop 
in the thymus would argue m favor of this tlieoij If so, iht. infiltmtion mth 
lymphocytes does represent lymphoid hyperplasia Since tin> typ^ of hyper- 
plasia IS BO common m Ijmph nodes and m vanoiis organs in a^sc«atlo^ with 
chronic mflammation, one must assume that tht la a recoedin' non-specific 
response to some stimulus and one that primarily alTccls She tkjms because m 
most of the autopsied cases there is no gencrahred Ivnuh 'i hwpLsu It is 
apparent that throughout this paper wo liaie not used Siae f m ‘‘thvmic haper- 
plasia ” This has been done purposely to ai-o j icy lac ac-re that there i- 
hyperplasia of the epithelial elements 


It 18 possible that in the future the entire gwnp i cases that now are 
called myasthenia gra\ is should be subdindei Tu tins separation thotsc 

cases having thymomas would constitute ccfSTatF hare alresdv shown 

that by and large there are differences m thsr’ ar'UES a-rcsirtL age Ver 
duration of symptoms Perhaps more and chemical 

ions may prove the group wath the thjmmes.o rc ^ 

from those cases m which the thj-mussio- c4re- inslStion 


SUltUAR\ 

1 The pathology of the thyniu-rlin-cX3<.-‘s-« r'rrm-ii. 

been reported in detail The rr- grans has 

group of 10 in which all or a porboa c ® small 

and a larger group m which the thw- ^ cconlas-n, 

weight, but which on micro-copicer.-^X.T-^'"^ 

Old geiminal center infiltration o: of lymph- 

2 Statistical data compiled free a~c— v-, j - 
romthchteraturodemonstrafedtiifl4.;rrv“ irem 297 cases collected 

e between the 8SBjcftj=c.. .r is more frequent 

moma which is more apt todeiYlin - , Zt « contras* to the thj- 

noi °^®'i‘s{heaia£r'T“»-n ” ‘*°*I'* and sixtv years of 

patient with the thvmoma ‘ duration m the 

d -fhe thyraic tumor . 

the'e!!!f’ iwKhr:-. aa encapsulated, sIoi'JJ 

■mplants' ^ 


tlip . o^piasni, ireisiE-. -n - cncaosulatei 

.mnla„r n ^ ^ 10 pei 

of fte fl, ^ctunK and mav prodo 
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cells m varying numbeis and tins variation has led to the multiplicity of names 
for this lesion We prefer to use the simple term “thymoma,” since no coirela- 
tion was appaient between the histological pattern and the clmical picture 

4 The non-neoplastic thymus in mjmsthenia gravis showed varymg degrees 
of involution, and in 75 per cent of the cases the medulla was infiltiated with 
lymphoid germinal centers Germinal centers aie usually not found in the nor- 
mal thymus, an occasional germinal eentei is found m a very small percentage of 
the thymuses of exophthalmic goiter, Addison’s disease and acromegal}’-, their 
presence m large numbeis almost certainly means myasthenia gravis 

5 Although the changes in the thymus are the most conspicuous and constant 
anatomic change m the patient vdth myasthenia gravis, thymectomy or thy- 
momectomy has not produced dramatic clinical improvement 
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I INTRODUCTION 

A disorder ostensibly confined to the peripheral nervous system and usually 
characterized by albummocytologic dissociation of the spmal fluid, which has 
been designated by many terms, such as Guillain-Barr6 syndrome, mfeetive 
neuronitis, acute infectious polyneuritis, and polyradiculoneuritis, occurred with 
a fair degree of frequency m the U S Armed Forces during World War II, but 
the mortahty rate was low. In the past few years, especially since Pearl Harbor, 
the Aimy Institute of Pathology received 50 fatal cases of the disorder Thirty- 
two of these occurred in the United States, 13 m the European and Mediter- 
ranean Theaters of Operation, and 5 m the Pacific Area One of the patients 
was m the Women's Army Corps, 2 were soldiers in the British Army, 1 was a 
German prisoner-of-war, 1 a woman civilian, while the remaming 45 were men 
in the U S Armed Forces All of the patients were of the white race ® 

In reviewing case after case of this group it became apparent that the patho- 
logic changes in the nervous system were relatively constant, being confined, as 
a rule, to the more proximal part of the peripheral nervous system, whereas the 
chmcal picture varied considerably The diagnoses made by the medical officers 
who saw these patients also differed, but, in general, the diagnosis of “Landry’s 
paralysis” was made when the illness was brief and was characterized by rapidly 
spreadmg paralysis with minimal sensoiy symptoms and little or no increase of 
protein m the spmal fluid, and the diagnosis of “Guillam-Barr4 syndrome” when 
the course was slower, the symptoms included pain and facial paralysis, and the 
spmal fluid protein was considerably increased and the cell count minimal 
In a prehmmary analysis of the clinical histones m this senes, we uere con- 
fronted with a number of cases which defied inclusion m one or the other of these 
categories, as they presented features not in complete accord with either. We 

* In one fatal case w Inch reached the Army Institute of Pathology after this study was 
completed , the patient was a negro , he was 45 years of age and the duration of his illness was 
approximately 2 days (AD? Acc 182047) The disorder apparently is rare in the negro race, 
for only one recorded case could be found (116) 
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gamed the impression that these were transitional cases linking the tiv o syndromes 
into one, hut before this impression could he substantiated it was necessary to 
reexamme the reports of Landry and Gmllain and Barrd in order to assess the 
nature of the differences which are said to eust between the two In addition 
to reviewung the pertinent literature on the subject, the purpose of this paper is 
to describe the clinical and pathologic features of the 50 cases of our series, and 
to analyze the data in an effort to determine w'hether or not the many appella- 
tions refer to one and the same basic disorder 

II REVIEW OP THE UTBRATURB 

A Analysis of Landry’s Parcdysts and the Gmllatn-BarrS Syndrome 

1 The JJeport of Landry Landry’s original communication in 1859 (120) was 
based on 10 cases Five were his own and the other 5 had previously been re- 
ported in the literature One was described in detail 

In tins case the patient was a man aged 43 years, a road paver by occupation, who had 
had severid bouts of eev ere pain in the extremities over a period of 10 months Tingling 
Bcnsations in toes and fingers were experienced for one month prior to his fatal illness 

DifficuHj m walking was the firel manifestation of the final illness On the next day a 
tingling sensation developed in the feet and hands, and within a tew hours spread upw atd to 
the thighs and arms Motor power was increasin^> affected, so that bj the fourth day the 
patient could neither stand nor walk, nor, when in a dorsal recumbent position, could he 
lift bis legs or turn to a lateral position, although he still retained trunk movements He 
could not raise his arms to the horizontal plane, but he could still make use of his fingers 
and hands No deep or superficial reflexes could be elicited By the sixth day the paraly sis 
had spread, and there was tingling around the thorax and at the base of the neck and be 
ginning difficulty in respiration On the seventh, all the extremities w ere paralyzed, move- 
ment of the ribs was greatly restricted, and difficulty in respiration, mastication, 
deglutition, and speaking had developed 

On the eighth day the paralysis of the legs was found to be most marked in the muscles 
innervated by the sciatic, in the arms the paralysis was virtually complete except for the 
deltoid and the flexors and extensors at the left elbow, which retained a little of their pon er 
The trunk and deep cervical and intercostal muscles were almost completely paralyzed 
During inspiration the thorax was raised chiefly by the trapezius and sternomastoid mua 
cles, and evidence indicated that the diaphragm was paralyzed The abdominal muscles 
contracted voluntarily, though somewhat feebly At this time paralysis of the tongue was 
almost complete and there was tingling of the checks The facial muscles were spared 
The pulse rate was 8S to 80 per minute (The cranial nerves affected, therefore, were the 
Vth, IXth, Xth and Xllth ) Urinary and fecal incontinence had set in Thermal and 
pain sensibility were not altered, but there was anesthesia of the foot and fingers, and 
hypesthesn of the medial aspect of the legs and forearms and of the posterior and lateral 
aspects of the trunk Appreciation of movement of the toes and fingers also was lost 
Death occurred suddenly on the eighth day after the onset of motor weakness 

The mental state was unaffected throughout the course of the illness At no time was 
headache or pain in the bodv or limbs expcnenced The temperature remained normal 
except for an occasional slight rise The spinal fluid was not examined At autopsy no 
lesions were observed, except lobular pneumonia and traces of pleurisy The peripheral 
nerves were not examined 

In his discussion, Landry summed up the progression of the disorder as fol- 
lows The paralysis may be preceded by a feeling of fatigue, tingling, and, at 
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times, transitory cramps The first phenomena are always mamfested at the 
distal parts of the Innbs, most fiequently in the lower Subsequently, the fol- 
lowing are affected 1) muscles of the toes and feet, the posterior muscles of the 
thighs and pelvis, and finally the anterior and medial muscles of the thigh, 2) 
muscles of the fingers, hands, aim and shoulder, later the muscles of the forearm, 
3) muscles of the trunk, 4) respiratory muscles, tongue, pharynx, esophagus, etc 
Usually the paralysis spreads rapidly from the lower limbs to the upper, with a 
constant tendency to "generalization ” Should the paralysis retrogress, the 
phenomena are inverse to those of the progression period, recover}’’ starting m the 
upper parts, which were mvolved last, and proceeding dovmward Death may 
occur in a few hours or in 2 or 3 days Of the 10 cases described m this article 
only 2 were fatal As to sensoiy sj'mptoms, Landry stated that they are usually 
minimal but that sensibihty and motility may be equally involved “Dans 
I’espece de paialysis sur laquelle je ddsire appelei I’attention, la sensibility et la 
motility peuvent ^tre egalement compiomises ” The propagation of the 
paralysis was “extenso-progressive” it began in a relatively small area of the 
body and then spread either in a seemmgly organized manner, i e , by contiguity, 
takmg an ascendmg (centripetal) course, or it became generahzed without sys- 
tematized sequence 

It IS apparent, then, that Landiy described 3 forms of the disorder, one that 
first affects the nerves of the limbs, producmg both motor and sensoiy s 3 miptoms, 
especially the formei, then involves the trunk, cranial and mtercostal nerves 
(i e , becoming “generalized ’vuthout systematized sequence”) , a second which 
ascends the neuraxis or affects successively higher neuraxial nerves, vath almost 
sole involvement of the motor neurons (i e , advancing in “s 5 ’’stematized se- 
quence”), and a third, of the same character as the second except that motihty 
and sensibility are equally affected 

2 Subsequent Early Reports The importance of Landry’s report went im- 
recogmzed until 1865, when Pellegrmo-Lyvi (154) referred to it and emphasized 
that the disorder may begin m the domain of cranial nerves and descend, and 
cited as an outstanding example the case of Cuvier, who died in 1832 Bern- 
hardt’s paper in 1871 (19) on “acute generahzed paralysis” dealt with a case of 
10 days’ duration in which weakness developed simultaneously m the upper and 
lower extremities, and in which pain occurred in the latter part of the couise 
Case after case of progressive paralysis accompanied by sensory symptoms then 
appeared m the literature Among the first was that of Eisenlohr (18/4) (65), 
who expressed the opmion that such cases belonged m the same category a^those 
described by Landry In this connection, Westphal (223) related m lS/6 the 
history of a fatal case in which the disorder was ushered in by vndespread severe 
pains, and Vulpian (216), in 1879, drew attention to instances in which objective 
changes m sensibihty were pronounced, as did Kahler and Pick (114) in 1880, 
Westphal was the first to use the term “Landr 3 ’’s ascendmg paralysis , though 
this distinction is usually accorded to Vulpian An illuminating account of the 
features of the disorder was presented by Dejenne (50) in his These de Pans m 
1879 Leyden (125), in an important contribution in 1880, clearly distinguished 
Landrj’-’s ascending paralysis from antenor pohomyehtis 
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Accounts of the disorder multiplied in the early part of the 20th Century, and 
during World War I the significant report of Guillam, Barrd and Strohl (97) 
appeared It concerned the nonfatal illnesses of 2 French soldiers whose symp- 
toms were similar m many respects to those described by previous writers, and 
doubtless the report w ould have been relegated to the commonplace had not the 
authors examined the spinal fluid and found a great excess of protem mthout 
increase in cells (albummooytologic dissociation) It was because of the spinal 
fluid findings that the cases attracted widespread attention In 1925, Guillam, 
Alajouanine and Pdnsson (95) pubhslied an account of 2 more cases, which dif- 
fered m no essential from those just referred to The first to use the term “Guil- 
lain-Barrd syndrome” were Draganescu and Claudian (58), in 1927, but the 
reason for not similarly recognizing Strohl’s part in the original report is not 
evident 

3 The Criteria as Set Forth by Guillam In a publication in 1936, which dealt 
with 10 more nonfatal cases characterized by albummocytologic dissociation, 
Guillam (93) listed wliat he regarded as the mam features of the disorder 1) 
an onset charactenzed either by paralytic phenomena or paraesthesias and/or 
pain, or all three, with or without premonitory symptoms such as sore throat, 
malaise, digestix e disturbances, and stiffness of muscles, 2) motor disturbances 
leading to flaccid paralysis of the muscles of the lower limbs and later the trunk 
and upper limbs, the paralysis affecting chiefly the distal muscles of the limbs 
“as in pDljmeuntis” (but if one undertakes to analyze Guillam's 10 cases it is 
apparent that distal muscles w ere elcctively mvolved m only 4, that proximal 
muscles were chiefly affected in 3, and that m the remaining 3 the paralysis was 
too general to permit a statement as to the site of initial involvement), 3) fibril- 
lary twitohmg, occasionally, 4) slight atrophy of distal muscles, occasionally, 
5) ataxia m a moderate number (4 of the 10), 6) abolition of tendon reflexes m the 
domain of the paralyzed muscles and sometimes beyond, and usually a preserva- 
tion of the superficial reflexes, though as the disorder progresses they may be 
lost, 7) subjective sensory disturbances, such as pain, cramps, formication and 
numbness, 8) rather minor, infrequent, and transitory objective changes in 
sensibility, both cutaneous and deep, especially at the periphery of the limbs, 
and pam on application of pressure to muscles or to nerve trunks, 9) astereogno- 
sis, occasionally, 10) difficulty and slowness in micturition and loss of perception 
of the passage of urine in a few cases, and sphincter disturbances m even fewer, 
11) transient palsy of cranial nerves, notably the Vllth, and occasionally the 
extraocular nerves, the Vth, the DCth, and Xth, and the Xllth, sometimes leading 
to fleeting disturbances of phonation, swallowing, respiration, and cardiac 
rh}d;hm 

The cases of Guillam included some in which only the limbs were affected 
Guillam and Ixreis (98), van Bogaert and Maere (206), and others before them 
described mstances m which only cranial nerves were implicated, thus constitut- 
ing, from a topographic standpoint, 3 forms of the disorder that affecting limbs 
solely, that affecting structures supplied by cranial nerves solely, and mixed 
Subsequently, Guillam (94) suggested a fourth category, m which were included 
the cases with sex'ere mental symptoms 
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4 A Companson of the Symptomatology Described by Landry and by Guillain 

A comparison of the symptomatology of the form of Landry’s paralysis “with- 
out systematized sequence of paralysis” (type 1 referred to in the foregoing) and 
that described by Guillam, pomt by point, 3uelds the following* As to prodromal 
sjnnptoms, no essential differences exist Mild fever was noted in one of Landry’s 
cases and m Guillam’s case No 6 The paralysis was flaccid, began relatively 
abruptly and usuallj”- piedominated over sensory disturbances in both, it began 
either in the lower or upper limbs, then affected the trunlc and the domam of the 
cranial nerves In each there was a tendency to progressive geneialization of 
'the paralysis, the only essential difference between the two bemg that the trunk 
and intercostal muscles were moie fiequently and severely involved in Landry’s 

* cases In Guillam ’s series the para^'^sis began sometimes m proximal muscles 
of the extieimties, sometimes in distal muscles, and m some instances was so 
widespread that the starting pomt could not be determined, m Landry’s cases 
the initial site of mvolvement was said to have been m distal muscles, but there 
IS no clear account of this m the mstance he recounts m detail Facial paralysis 
did not occur in Landry’s cases and was absent in some of those of Guillam 
Aside from the facial nen'-e, the mcidence of cranial nerve mvolvement was much 
the same in the cases described by Landry and by Guillain 

5 The Significance of the Increase in Protein in the Spinal Fluid A feature 
on w'hich great emphasis was placed by Guillam was the albummocyfcologic dis- 
sociation of the spmal fluid This was not a new observation, Koemheld (170) 
having described it in cormection with diphtheritic polyneuritis in 1908, and Feer 
(68) in 1910, Queckenstedt (166), m 1917, made the same obseiwation m 10 
cases of diphtheria and m 3 cases of polyneuritis of undetermmed etiology 
Guillam insisted that cases belong m the category he described only if the spinal 
fluid protein is 300 mg p er cent or higher (usually 1000 to 2000 mg per cent), 
but there are many reported instances of the same clmical syndrome m which 
spmal flmd protem was normal or only slightly elevated — Forster, Brown and 
Merritt’s (72) senes of 26 cases, for instance, m -which the protem content was 
below 75 mg per cent m 10 Were Gmllain’s critena strictly adhered to, one 
would be obliged to remove from consideration many cases m the literature des- 
ignated by the term “Guillam-Barr5 syndrome ” 

So far as "we are aware, Guillam did not state at what stage of the disorder the 
mcrease in protem first became evident It has been ampL'^ demonstrated by 
others that the spmal fluid protem content may vary depending on the stage of 
the disoider. Thus, the protem value may be low initially, onlj’’ to rise subse- 
quently to abnormally high levels (57, 75, 79, 107, 108, 128, 173, 195, 207) The 
cuiw^es of 12 such cases are illustrated in figure 1. Had only one protem deter- 
mination been done m these cases they could not have qualified for inclusion m 
the Guillain-Barr6 syndrome, even so, there was only one m which the protem 
■was sufficiently elevated to be regaided as an instance of the Guillain-Bari(5 
sjTidrome in sensu stnctu In this connection the remark of Baker (10) is of 
interest* “We have observed in manj"^ of our cases a normal fluid at the onset of 
the illness onlj* to have the protem become elevated in the couise of the disease 



65 


Tnn LANDRy-GUILLAIN'BAiaif. SYNBROMB 

Likewse, VaR Bogaert et al (207) have stated “ I’hyperalbuininose dans le 
type Gudlam et Barrd pent s’jnstaller aveo un certain delm ” According to 
Lassen and Fog (122), spinal fluid protein usually begins to rise about the eighth 
day after the onset of the illness, but this has not been the experience of others 

Tout 

protein 
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24 43 a 501 

Fio 1 Spinal Fluid Total Pbotein Values in 12 Cases of the IiANDnr-GmLLAiN- 
BARRt SVHDIIOME 

In all of them the initial values were in the realm of normal, and subsequent values wore 
elevated to varying degrees Eight of the cases wore taken from the literature and i of 
them are from our senes (AIP Neg 102182 ) 

Certain writers have reported instances of “Landry’s pamlysiB” in winch the 
spinal fluid showed a considerable inciease in protein In Garvey and Slavm’s 
(77) patient, for example, in which death occurred after an illness of 8 days, the 
spmal fluid protein on the fourth day was 75 mg per cent, and on the seventh 
day, 250 mg per cent Tlie opposite condition prevailed in the case of a 14- 
year old girl reported by Collier (43) the spinal fluid protein was considerably 
increased (200 mg per cent) and contamed no cells when paralysis first affected 
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the limbs, but later, as her symptoms were subsiding, a relapse occurred, and 
shortly before death the spinal fluid protein was found to have fallen to 60 mg 
per /cent 

At IS important to inquire mto the cause of this mcrease m spmal fluid protem 
which IS held in certain quarters to be so essential to the estabhshment of the 
diagnosis of the Guillain-Barr4 syndrome The explanation given by Govaerts 
(88), and amphfied somewhat by Dagnelie (48), is as follows* Normally about 
four-fifths of the cerebrospmal fluid escapes into the intracranial venous smuses 
by way of the arachnoidal villi, and the remaining one-fifth descends into the 
spmal subarachnoid space from which it escapes along the radicular sheaths 
When an obstruction exists at the level of the radicular sheaths, the amount of 
fluid descendmg mto the spmal subarachnoid space is reduced and that already 
present becomes stagnant, if, m addition, the menmgeal capillaries are dilated, 
from whatever cause, plasma protein passes through them to accumulate m the 
spmal fluid Govaerts and Dagnehe expressed the opinion that both factors 
operate m the Guillam-Barr4 syndrome, the obstruction at the radicular level 
being caused by tumefaction of the roots m consequence of vascular congestion 
and edema, and the increase in protein by the passage of an exudate through the 
walls of dilated radicular and spmal leptomenmgeal vessels at ehe level of the 
affected roots ^ Accoidmg to them the mechanism of production of hyperal- 
buminosis of the spmal fluid is no different than in other neuritides, the mcidence 
of protein accumulation var 3 ang m relation to the degree of involvement of the 
spmal roots By mjectmg thorotrast mto the lumbar sac in a case of Guillain- 
Barr4 syndrome, Biemond (20) demonstrated radicular obstruction Guillam 
(93), however, contmued to hold to his opinion that the mcrease of fluid protem 

( was due solely to exudation through paralyzed leptomenmgeal vessels, and was 
not the result of radicular block, a view m which Barr4 (12) concurred Accord- 
mg to Greenfield and Carmichael (90), the hyperalbuminosis of the spmal flmd 
may be ascribed m part to the flow of protein-laden Ijunph fiom mflamed nerves 
mto the spmal fluid, an opinion predicated m part on the still improven view 
that normally the lymph flow m nerves is toward the cord That obstruction 
of the radicular pathways of exit of spmal fluid may be a factor m the collection 
of protem m the spinal fluid m the Guillain-Barr4 syndrome is suggested by the 
edema and vascular congestion frequently noted at autopsy in the roots and the 
proximal spmal nerves at the region of their passage through the narrow mter- 
vertebral canals (48, 88, 181), even though from the standpomt of spmal fluid 
djmamics, spmal block can rarely be demonstrated 

^ The observation that the protem of the cisternal fluid is normal or only shghtly 
I increased m cases m which the protein of the lumbar spinal fluid is greatly ele- 
V^vated indicates that local factors are most important in the development of 
hj’peralbummosis Armg (7) pomted to 3 cases m wluch this was true* In the 
first the lumbar fluid contained 330 mg per cent of protein and the cisternal 

* As earlj’’ as 1917, A\el Neel, in demonstrating a case of poij’radiculoneuntis before tbe 
Danish Neurological Society, remarked that the considerable increase in protein in the 
spinal fluid might be attributable to a compression of the veins accompanving the nerve 

roots (cited by Lassen and Fog [122]) 30300 
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fluid 1 1 mg per cent, m tlio second tlic protein in the hunbnr fluid measured 380 
mg per cent and that in the cisternal fluid 88 mg per cent, and in the third the 
protein values were approximately 1400 and 82 mg respectively Taylor and 
McDonald (200) also reported a case showing this difference, the lumbar fluid 
containing 206 mg per cent of protem, and the cisternal fluid four days later 
49 mg per cent In Bassoo’s (17) case, m which spinal block existed, the lumbar 
fluid contained 2000 mg per cent of protem and the cisternal fluid 25 mg per 
cent And, finally, in a case described by Peters and Scheid (155) the protein 
in the cisternal fluid w as one-tenth of that in the lurabai fluid 
There are, then, probably two variables on wluch the amount of protein in the 
spinal fluid depends Should tumefaction of the roots be relatively negligible 
so that excess protein-laden spinal fluid readily escapes from the subaraehnoid 
space, or should the exudation of protein mto the spinal fluid be relatively minor, 
the amount of protem m the spinal fluid obviously may be loss than that specified 
by Guillain and Barr6 

/'TTrom a review of the literature it seems evident that a great excess of spinal 
I fluid protem is not essential to the diagnosis of the disorder brought into such 
\ sharp focus hy Guillain and Barr6 

G TAc Frequency of Increased Cell Content in the Spinal Fluid Another 
entenon on which Guillain (93) was adamant was absence of cell increase m the 
spinal fluid Ho stated in 1930 “I refuse to recognize radiculoneuritis with 
hyperlymphocytosis or liypemucleosis as belonging to this syndrome ” A few 
others have followed suit, behoving that the disorder deseribed by Guillain and 
Barrfi was duo to \ irus incapable of chcitmg an inflammatory response Among 
them was Cerndiek (38) who admitted, however, tliat variations m cell content 
might reflect different stages of the same disorder and that definitive distinction 
betw'cen polsaadiculoneuritis with and without pleocytosis is not possible as 
long as the causative agent or agents remain unlcnown 
Many authors have felt that the paucity of cells has been overstressed as a 
criterion of the disorder, and that, although the cells are usually wnthin the 
limits of normal, their number may be considerably increased and may fluctuate 
durmg the illness Clinical evidence of meningeal mvolvement is so frequently 
observed — to the extent that some authors have referred to the disorder ns 
menmgoradiculoneuritis— that it would be surprising if mild to moderate 
pleocytosis were not sometimes encountered Pleocytosis in cases falling clini- 
cally in tlie realm of the disorder under discussion has frequently been reported 
(table 1) Biemond (20), 3 of whose cases are listed in table 1, has desenbed 1 
which he regarded as mcningoradicuhtis at the onset of the illness and as 
mcningomyelitis later in the course following alleged extension of the disorder 
into the spinal cord, the cells in the spmal fluid increased (50 to 97 per c mm ) 
and the protein decreased (215 to 146 mg per cent) As a rule, an initial 
pleocytosis usually falls considerably, sometimes to normal, m a relatively short 
time Numerous authors now concur w ith the remark of Mussio-Fourmer et at 
(142) that “I’lntonso lymphocytose du liquide c4phalo-rachidien n’exclut pas 
non plus le syndrom do Guillain ct Barrfi ’’ 

7 Fatql Outcome as a Point of Differentiation At first glance it would appear 
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TABLE 1 


Instances of Landry -Guillain-Barr& Syndrome m which pleocytosis was observed. 

All cases were nonfatal 


AUTHORS 

DIAGNOSIS 

CELLS 

TOTAL 
PROTEIN 
OR TANDY 

APPROX 
DAY TEST 
DONE 

STIFF 

NECK 

and/or 




REACTION 

ONSET 

KERNIG 



mm > 

mgm per 
100 ml 



Baker (10) 

Encephalo-myelo-radiculitis 

154 

118 

12 

— 



1 

53 


■ 

Biemond (20) 

La maladie de Guillain-Barrd 

63 

220 

■ 


Biemond (20) 

La maladie de Guillain-Barr^ 

34 

100 


■ 

Biemond (20) 

La maladie de Guillain-Barrd 

70 

410 

IjB 

H 



50 

215 





86 

310 





97 

145 

171 

— 



12 

100 

255 

— 

Cliusid & Marquardt (40) 

Acute infectious polyneuritis 

38 

83 

4 

— 



5 

125 

29 

! 

Dagnehe (48) 

Polyradiculon4vrites aveo 

32 

800 

15 

+ 


dissociation albuminocyto- 
logique 

4 

400 

1 35 

1 


De Jong (53) 

i 

GuiIIain-Barrd syndrome 

33 

268 

17 

+ 



4 

100 

36 


Fdnyes & Gottche (69) 

Guillain-Barrd syndrome 

225 

4-{- 

60 

+ 



3 

4-f- 

65 

1 



8 

4+ 

76 

1 



8 

1+ 

390 


Gilpin, Moersch & Kern- 

Polyneuntis, neuronitis 

80 

100 


— 

chan (82) 






Giraud & Boudouresques 

Syndrome de Guillain et 

44 

1100 

5 

0 

(83) 

Barrd 

16 

600 

7 

0 


1 

1200 

33 

0 

Krebs & David (117) 

Polyndvrites 

95 

1000 

163 

— 

25 

1600 

193 


Merritt & Fremont-Smith 

Polyneuritis of unknown 

17 

648 

4/28 

— 

(138) 

etiology 

175 

588 

5/18 


2 

750 

11/25 




0 

492 

12/31 
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Axmioss 

DIAGNOSIS 


TOTAl 
rROTZIN 
OR PAKDY 
SEACTIOS 

APFKOX 
DAY TEST 
DONE 
Anna 

ONSET 

STIFF 

NECK 

ANO/oa 

SEaNIO 



HH 

trgm fier 






jOOml 



Mussio Fournier et al 

Mdningo radiculo ndvntc 

150 

6000 

47 

+ 

(142) 

aigue curable 

614 

6500 

101 




30 

7500 

140 




24 

lOSO 

181 


Polnn ^ Baker (162) 

Encephalo myclo radiculitis 

57 

68 

42 

4* 

Riser A Plnnqucs (168) 

Lea polyradiculo n^vntes 

200 

1400 

— 

0 


nigu6 1 





Taylor A. McDonald (200) ! 

Polyneuritis nith facial 

ICO 

70S 

70 

_ 


diplegia 





Van Bognert et al (207) 

Poly radiculo ndvntes avee 

61 

650 

7 

— 


dissociation albuminocyto 






logique 





Van Bogaert et al (207) 

Poly radiculo ndvntes avec 

72 

450 

3 

+ 


dissociation albummoc> to 






logique 





von Sdntha (213) 

PolyradiculODCuntis acuta 

53 

3+ 

10 



curabilis 





Walter (219) 

Polyneuritis 

ISO 

1 + 

37 

D 

Walter (210) 

j Polyneuritis 

02 

2+ 

5 

0 


that the most striking difference between the cases of Landry and those of 
Guillain is that of fatal outcome m the former and benigmty m the latter 
Reservations should, however, be made Eight of the 10 cases described by 
Landry were nonfatal To be sure, all the cases reported by Guillam and his 
associates were nonfatal, although m 1 (case 12) of Guillam ’s (93) there uas 
tachycardia and dysphagia, ivhich temporarily made the outlook grave In all 
of his earlier publications on the subject, Guillam insisted that the disorder is' 
nonfatal and therefore does not belong in the same category as fatal Landry’s! 
paralysis In 1932, Barrd (14) stated that m the earlier course of the disorder 
one may tell the patient that he is going to get n orse, that he may in fact become 
seriously ill, that respiratory embarrassment maj bring him to the very brink of 
death, but that he will recover completely 
In 1936, Guillam and Barr4 (96) appeared before the Soci^U de NeuroJogie do 
Pans to take issue with those ^vho had pubhshed cases under the designation 
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Guillam-Barr4 syndrome in which essential features, as defined by them, were 
lacking The authors who were the particular object of their attack were 
Alajouanme et al (5), who had reported a case closely parallelmg their own 
except that death had occurred Guillam and Barrd refused to accept this as 
an authentic example of their syndrome because of the fatal outcome, and 
advanced the diagnosis of a poljmeuritic type of Landry’s paralysis They at- 
tempted to defend their position by stating that they refused to allow their 
syndrome to become engulfed in that “vast motley which comprised Landry’s 
paralysis,” and that they could see no justification for assuming that the causative 
virus in Alajouanine’s and then cases was the same Alajouamne, answering 
them m his discussion, argued that a fatal or nonfatal outcome was not a sufficient 
difference if the course of the disease was similar, typhoid fever, he added, is the 
same whether it terminates m death or m recovery Much the same argument 
was advanced by Dagnehe (48) He could see nothing defensible in Guillam 
and Barrd’s stand that the curable form of the syndrome is due to one virus and 
the fatal form to another 

But m 1938, in a s 3 Tnposium on the subject in Brussels, Guillam (94) stated 
that the disorder described by him might be fatal, a concession which seems to 
have escaped the notice of most subsequent workers on the subject During this 
meeting. Van Bogaert et al (207) remarked, “II n’y a d’aiUeurs, quand on assiste 
a la gravity de I’attemte bulbaire dans certains cas, aucune raison pour lefuser 
d’admettre l’6ventuaht4, fdt-elle rarement r^ahs^e, d’une Evolution fatale ” 
In his discussion of such cases, Guillam said, “J’accepte tres bien qu’une polyra- 
dicuIo-nd\'Tite avec dissociation albumino-cytologique, presentant une localisation 
sur les nerfs bulbaires de la respiration et de la circulation, puisse avoir une 
Evolution mortelle,” and he lilcened the GuiIIam-Barr6 syndrome to chickenpox, 
which has a favoiable prognosis but occasionally is fatal The same "view was 
expressed by Barr4 (12) Thus, another barrier which has been said to separate 
Landry’s paralysis from the Gmllain-Barr6 syndrome was removed 

The question now resolves itself into the frequency with which fatality occurs 
in the disorder often referred to as the Guillain-Barr6 syndrome A mortality 
rate of 67 per cent was observed in the 16 cases of Lassen and Fog (122), 42 per 
cent m the 26 cases of Forster, Broun and Merritt (72), 26 6 per cent in the 30 
cases of Bradford, Bashford and Wilson (25), 18 8 per cent in the 16 cases of 
Roseman and Armg (173), 16 6 per cent m the 12 cases of Gordon Holmes 
(103), 14 per cent m the 35 cases of Gilpin, Moersch and Kemohan (82), and 9.1 
per cent m the 33 cases of Baker (10) Analyzing a series of 126 cases reported 
in the literature. Fox and O’Connor (73) noted a death rate of 20 6 per cent, 
which IS almost precisely the same as m Landry’s 10 cases, namely, 20 per cent 

8 Sensory Dtsiuriances as a Dishnguishing Feature. Great stress has been 
laid by some authors on the occurrence of pam, aching, and tenderness of nerve 
trunks and muscles as a criterion for distmguishmg the two, Landry s paralysis 
bemg allegedly unattended by neuritic symptoms, and the Guillam-Barr6 
syndrome characterized by them In the case Landrj’’ (120) reported m detail, 
bouts of pam or transitory cramps occurred pnor to the onset of the disorder, 
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and there nere paresthesias and reduction in sensibility during its couise In 
characterizing the entire senes of 10 cases, he stated that spontaneous radicular 
pain and pressure-pain iiere absent, but added that disturbances of sensibility 
nere sometimes as severe as those of motihty As in Landry’s paralysis, pain 
n as lacking in some cases of the Guillam-Barr^ syndrome thus, m 4 of Guillam’s 
10 cases neither pain noi aching nas repoited, and in 1 (case 6) neither pain nor 
aching nor tenderness of nerve trunks or muscles (93) It is apparent, then, 
that Landry’s and Guillam’s oivn words refute the view that Landry’s paralysis 
IS strictly a motor disorder and that the Guillain-Barrfi syndrome must neces- 
sarily be characterized by pain or other outspoken sensory disturbances 
The question of the significance of sensory symptoms in ascending paralysis 
led Osier (14G), in comparing acute febrile polyneuritis with Landr 3 '’s paralysis 
m an early edition of his Principles and Practice of Medicme (1892), to state 
that "diagnosis is difficult and if w e include in Landry’s paralysis the cases in 

which sensation is involved, distmction betw een the tw o affections is impossible,” 
and he went on elsewhere m his te\t-book to say, “The chnical picture of acute 
febrile polyneuritis is not to be distinguished, in many cases, from Landry’s 
paralysis ” In gomg on the assumption that these were twm different conditions. 
Osier was endorsing what Hun (104) had contended the previous year (see also 
Bailey and Ew mg [9]), but his mdorsemcnt w as obviously half-hearted Gordon 
Holmes (103) followed Osier’s lead m his account of "acute febrile polyneuritis” 
as seen in World War I, w hen he w rote “Certain of the oases I had seen had been 
diagnosed as Landry’s paralysis, and the separation of polyneuritis from this is 
not easy, owing chiefly to the vague and indefinite conception of the disease 
that characterizes its description m many textbooks but it now is generally 
accepted that this term [Landry’s paralysis] should be restricted to a condition 
which begms with a progressive paralysis of the low er limbs that rapidly ascends 
and involves the trunk muscles, later those of the arms, and as a rule leads to a 
fatal termmation from respiratory palsy before the cranial nerves are affected 
Objective sensory disturbances are also very slight or absent and the sphincters 
are rarely mvolved ” 

The view that Landry’s paralysis is initially, or at least at some stage of the 
disorder, a radiculoneuritis has, o\er the years, been strongly supported by some 
and denied by others Among earlier workers in the field there were those who 
beheved that the disorder primarily invohed anterior horn cells and cranial 
nerve nuclei because of the paucity of sensory symptoms and the rapid deielop- 
ment of paralysis and its even distnbution and contiguity of spread (33, 50, 
104, 146, 177, 184, 196, 204, 212, 214) according to this view, Landry’s paralysis 
18 a disease entity There were others who observed virtually identical cases, 
except that at one stage or another sensorj symptoms developed, and hence they 
regarded the disorder as a whole, whether accompanied by sensor} disturbances 
or not, as primarily a form of acute polyneuritis or radiculoneuritis (63, 64, 65, 
116, 118, 144, 172, 191, 215) In a review of 93 cases of "Landi} ’s paralysis” 
reported in the literature up to 1889, Ross (175) concluded that the disorder was 
a form of peripheral neuritis inasmuch as sensibility w as definitely affected m 82 
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Walton (220), analyzing 29 additional cases which had been pubhshed between 
1889 and 1895, found that sensibility was altered in 24, and he therefore aligned 
himself sohdly with Ross, as did Schmaus (182) in an extensive review of the 
subject up to 1904 

Further support of this view came in 1925, from Granger Stewart (194), who, 
m a meticulous comparison of Landry’s paralysis (the true ascendmg type) and 
acute febrile polyneuritis and acute infective polyneuritis, stated that he had 
observed several cases of Landry’s paralysis and over 20 cases of acute toxic 
polyneuritis, and that m the latter the diagnosis was based solely on the develop- 
ment of sensory disturbances 10 to 14 days after the onset of the paralysis, and 
that had death occurred before, they could certainly have been accepted as con- 
forming to Landry’s origmal description. Simihar observations have been 
made by others (2, 35, 116, 211) And in his Morrison Lectures in 1932, Collier 
(43) stated. “1 hold, as did Ross and Bury (176) in 1893 that it (Landry’s 
paralysis) is a highly distinctive and typical form of peripheral neuritis, and that 
every grade of transitional form between the rapidly spreadmg Landry’s paralysis 
and the slowly advancing usual t3rpes of peripheral neuritis of unlcnown cause 
may be met with ” Apparently clinching the argument were the reports of 
Mills and Spiller (140) and Pfeiffer (158) who described ascendmg paralysis vuth 
mmimal sensory symptoms m which degenerative changes were found in anterior 
and posterior roots post mortem 

Among those who more recently have opposed the clinical separation of 
Landry’s paralysis and the Guillam-Barr6 syndrome were Benedek and Juba 
(18), Juba (111), Mirus (141), and Walshe (218), all of whom regarded the 
Guillain-Barr4 syndrome as a benign form of polyradiculoneuritis, and Landry’s 
paralysis as a malignant form of the same disorder Juba and Mirus referred to 
the malignant form as “polyradiculoneuritis ascendens ” 

9 Evidence of Neuraxial Involvement Numerous -writers, including Boudin 
(24), have expressed the opmion that m the Guillain-Barr5 syndrome the morbid 
process affects solely the more proximal part of the peripheral nervous system 
Others have contended that the neuraxis also is involved, though to a limited 
degree, because of 1) the frequency with which ataxia occurs when sensory deficit 
is neither marked nor widespread, 2) the symmetry of the progressive involve- 
ment of the limbs uuth the advance of the morbid process, 3) the long delay m 
the return of reflex activity after sensibility and motor power have been re- 
stored, and 4) the development of symptoms closelj'^ resembling those met with 
m tabes dorsahs, such as loss of appreciation of deep pressure, joint position, and 
vibration (6, 16, 82, 92, 93) (Some of this evidence could be turned in favor of 
sole radicular involvement — ataxia, for mstance, which may occui when only the 
roots are affected, as Dejerme [51] first demonstrated in 1883 m a case to which 
he referred as “nervo-tabes p6riphdrique ”) 

That the spmal cord may be affected has also become apparent from the 
observations of 1) occasional spasticity (10, 162), 2) the presence of the Babinski 
response (see under Reflexes m subsequent text), and 3) the occurrence of 
symptoms resembling those m syrmgomyelia (59) In a recent publication, 
Barr4 (13) presented 4 typical cases of the syndrome Guillam and he had de- 
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scribed, in ivliicb he adduced evidence that the pyramidal tracts were affected, 
he left open the question as to whether the fibers uere involved in the anterior 
horns or in the lateral columns of the spinal cord Goners (89) expressed the 
opinion, on clinical grounds, that the main site of the attack was in terminals of 
the pyramidal tracts Goebel (84), in citing a case m nhich tendon reflexes 
were exaggerated in “Landry’s paralysis,” stated that “Die Combination mit 
fruhzeitigen acut myehtisohe Ssmiptome mit Steigerung der Patellarreflcxe 
bilden kein Hmderniss mehr, der jencihgen Fall der Landry ’schen Paralyse 
zuzurechnen,” a leiteration of what Eisenlohr (G5) had contended in 1874 

B Mode of Spread 

The means bj which a noxious agent becomes disseminated in spinal roots 
and proximal parts of cranial nerves, whether by w ay of the blood stream, lymph, 
or neural pathways, or by a combination of these routes, is still m the realm of 
hypothesis On the basis of post-mortem studies which have disclosed marked 
vascular engorgement of roots, spinal cord, and leptomeninges, it has been 
assumed by some (15, 94, 185) that the primary or basic disturbance is vaso- 
paralysis, and that the progression of the disorder is due to paralysis of more and 
more vessels Others (43, 12G) have expressed the opinion that in paralj'sis 
starting m one limited area and advancing to segment after segment, the matene 
morln travels from the peripheral nerves into the neiiraxis, through which it 
spreads Another opinion is that the noxious agent spreads by w ay of the spinal 
fluid (130, 152, 219), that on reaching the roots via blood stream or lymph, the 
agent is diffused in the spinal fluid, affecting root after root, thereby giving rise 
to a clmioal picture indistinguishable from that which would occur with purely 
neuronal spread in the neuraxis 

C The Form Characlemed by Equal Disturbance of Molihty and Sensibility 

The form of the disorder characterized bj paralysis and anesthesia, first 
referred to by Landry (120), has been repeatedly described (10, 34, 59, 105, 
115, 130, 180, 197, 217, 219) In some of these, e g , m Strauss and Rabmer’s 
(197) cases, paraljsis and anesthesia remained stationary at certain segmental 
levels, whereas in others, e g , that of Wadsack (217), paralysis and anesthesia 
began in the lower limbs and ascended the trunk In a discussion of Strauss 
and Rabmer's cases, referred to as instances of “myeloradiouloneuntis ” 
Archambault remarked “To ray mmd, it is rather unfortunate that a new name 
should be coined every time a fresh group of cases arises, merely on the basis of 
some mmor and frequently mconstant differential feature One cannot 
help but feel that all these cases (those of Landry, Holmes, Kennedy, and Guillain, 
Barrfi and Strohl, etc ) catalogued under different designations have much m 
common, indeed the analogies are numerous and striking, and the differences 
negligible ” 


D The Varying Terminology of the Disorder 

A point which needs comment is that of the autonomy of the cases which over 
the years have been diagnosed by terms other tlian Landry’s paralysis and 
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Guillam-Barr6 S5aidrome Designations have been employed by some to em- 
phasize the outstanding clmical characteristics, by others to highlight a sup- 
posedly infectious nature, and by still others to denote neuropathologic featuies 

Osier (146) first and then Gordon Holmes (103) referred to the disorder as 
“acute febrile polyneuritis ” Accordmg to the description given by Osier, the 
onset resembled that of an acute infectious disease, the temperature was elevated 
at the onset and then rose lapidly, as high as 102 or 104°F. Holmes’ series 
comprised 12 cases which he encountered mainly in France durmg World War I, 
2 were fatal The tempeiature in some cases did not exceed 100°, but in others 
it rose to 102° or 103°F. Spinal fluid studies weie made only on 3, with com- 
pletely negative results It is apparent that aside from the frequency of fever 
and the amount of spinal fluid protein, the cases of Holmes are in the same 
category as those described subsequently bj’' Guillam Moreover, fever has 
been observed in cases of acute ascending paralysis, Thorner, Alpers and Yaskin 
(205), for instance, having found in a review of the literature that fever occurred 
m 25 per cent of 103 cases Collier (43), in considering this pomt, remarked, 
“I find it hard to believe that there is any type of neuritis which can be separated 
off sm generis as a clinical and etiological entity on account of the presence of 
fever ” 

As to the adjectives “infective” and “infectious”, there is considerable clinical 
evidence that they are justified, but until an agent is discovered the infective or 
infectious nature of the disoider must lemam presumptive 

The disorder w^as given the name “neuromtis” by Foster Kennedy (115) in an 
effort to distinguish it from the other neuritides. “I propose . to describe 
certain cases revealing definite clinical variants from the syndrome of poly- 
neuritis as we have Icnown it, ivhich, when considered along wuth the widespread 
changes m the posterior ganglions, spinal roots, ventral cornual changes and Betz 
cells of the cortex, would seem to make it fitting to remove this disease from the 
neuritides proper, and to designate it by a title more descriptive of the chnical 
and pathologic picture produced ” Mills (139) is said by some writers to have 
corned the term, but this is not true he stated that “Thej’' (Landry’s paralysis, 
poliomyelitis, et cetera) are perhaps what might be termed ‘neuronitis,’ and this 
term has been suggested, but seems to have an unnatural sound even to a 
neurological ear ” Adolph Meyer (137) regarded the expression neuronitis 
“a little awkw^ard”, Wechsler (222) “barbaious”. Collier (43) “ugly”, and 
ICmnier Wilson (224) “superfluous” 

A number of authors (123, 150, 159, 210) refeired to the disorder as “poly- 
neuritis with facial diplegia”, some behevmg this to be an autonomous disorder, 
but Taylor and McDonald (200), m ex-pressing the consensus, stated: “We 
cannot too strongly insist that there is no justification foi singlmg out this 
sjTuptom complex as independent, except superficially in its striking clinical 
manifestations ” 

The term “schwannitis” took hold among a few waiters (11, 49, /7) w^ho be- 
lieved that the disorder was due to a neurotropic \nrus which specifically at- 
tacked Schw'ann cells, causing them to proliferate out of proportion to the 
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damage inflicted on the neural elements While it is true that Sehuann cells 
proliferate to a marked degree in this disorder, the evidence indicates that the 
proliferation is secondary to myelin and avonal damage Deohaume (49), the 
originator of this view, based his opinion on observations in 3 fatal cases having a 
duration of 3, 8, and S weeks respectively, a time at which all changes in the 
peripheral nervous sj stem are w ell advanced 
The term “polyneuritis” and its variations seem most frequently to have been 
employed for the disorder in question There is no gainsajung that this term is 
justified from a clinical standpomt in manj cases, and accordmg to numerous 
WTiters, pathologicallj as well, even when an inflammatory exudate is absent 
As Wartenberg (221) has remarked, “the term ‘polyneuritis’ should bo used even 
if there is not 100 per cent inflammation and even if there is more than the 
involvement of the peripheral nerves the reason being a potwre fiat deter- 
mznatw ” But the term is too nonspecific, for it does not distinguish the dis- 
order under consideration from the great variety of neuritides in w Inch the cause 
IS known, moreover, it gives emphasis to only one of the many facets of the 
disorder Kinnier Wilson (224) stated of this condition that “ ‘polyneuritis’ 
IS a misnomer, or at least scarcely represents the facts, clinical and patho- 
logical ” He favored “toxic degeneration of the neuron” ns descriptive of 
the disorder, but admitted that the term was eumbersome 

E General Conclusions Based on the Literature 

From the foregoing review of the literature, it may be gathered 1) that the 
term Landry’s paralysis has, through common usage, been confined to only one 
of the three forms Landrj described, namely a strictly motor disorder which 
begins in the lower limbs and advances steadily upwards, 2) that a comparable 
descending form, starting in realm of the cranial nerves, occurs, 3) that the 
Guillam-Barr4 syndrome, as originally described, is a disorder m which motor 
involvement is striking, but in which the degree of sensor 3 ’^ involvement varies 
considerably but is not total, the syndrome constituting a certain narrow gioup 
w ithin the broad confines of the malady by vnrtue of the restrictions placed by 
GuiIIam and Barrd on the amount of protein and the number of cells in the 
spinal fluid, 4) that a form characterized by an equal involvement of motility 
and sensibihty exists, and 5) that many forms, the majority in fact,* bridge 
the gaps between the four mentioned The literature strongly indicates that 
from the chnical standpoint all forms are initially polyradiculoneuritis There 
are indications that the morbid process may also involv'e the neuraxis It has 
been suggested that the noxious agent may extend from the mvolved roots 
either 1) into the spinal fluid, reaching other roots and/or the spmal cord, or 
2) into the spmal cord directly by way of neuronal pathways In any ev-ent 
the outcome is dependent on the degree of involvement of respiratory or cardiac 
nerves or their intramedullar}' centers 

‘ In a series of 70 cases of "ejndrome Gmllain Barrd Strohl,” all nonfatal and all mam 
tcating albuminocytologio dissociation, Riser and Planques (16S) regarded only 18 as con- 
forming in all respects to the cases reported by Guillam and Barrd 
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Because of the inadequacies of pathoanatomic terms now employed, it would 
seem necessary to resort to an eponymic designation Proper names are fre- 
quently more enlightening than purely descriptive pathoanatomic terms 
Laurence-Moon-BiedI syndrome and von Recldmghausen’s disease, for mstance, 
mdicate far better the pleomorphic features of these disoiders than do any 
series of pathoanatomic teims No names are more indelibly linked to the 
disorder than those of Landry and Guillam and Barrg, for which reason the term 
“Landry-Guillain-Barrd syndrome” is chosen. This term takes cognizance of 
the kmship of the cases described by Landry and by Guillam and Barr6 and 
emphasizes the potentially serious nature of the disorder The designation 
“Landry’s paralysis” would have sufficed had Landry’s descriptions been more 
detailed In correspondence received by one of us, it was asked “How can you 
combine two diseases — one which allegedly kills and the other which should be 
100 per cent benign?” Foregoing pages have emphasized 1) that Guillam has 
conceded that the syndrome described by Barr6 and hun may be fatal, and 2) 
that the mortality rate of 20 per cent reported by Landry is lower than that re- 
ported by others m cases designated Guillam-Barr4 sjmdrome 

There are those who have advocated that the terms “Guillam-Barr4 syndrome” 
and “Landry’s paralysis” be discarded The Guillam-Barid s3mdrome, ac- 
cording to Margulis (131), is nothing more than a polyneuritis m which the 
roots are electively affected, and therefore does not merit consideration as a 
special form of polyneuritis Quite the contrary it is for that very reason 
(i e , because of the widespiead mvolvement of the more proximal part of the 
peripheral nervous system) that the Guillain-Barr6 syndrome together with the 
other forms of the disorder should be regarded as clinically distmct, and it 
would seem inadvisable, therefore, as long as etiology is obscure, to attempt to 
discard a term which has come into such general usage Lewey (124), of much 
the same mmd, stated “Wliat is, after all, left of the origmal Guillain-Barrd 
jmdrome since Guillam himself has lescmded it so thoroughly and deprived it 
f all its former characteristics? As far as I can see, there remains only the 
generally accepted experience that there occur small epidemics of polyneurop- 
athies with occasional encroachment upon the spinal cord, the brain stem and 
coitex, possibly of viial etiology, some of which are amazingly benign despite 
their threatening initial appearance, while others show a high mortality. 
Nevertheless, it may be moie practical to accept the popular designation 
(Guillain-Barr^ syndrome) and to redefine it than to leplace it by six or more 
long, avkward, and purely descriptive titles ” ^ 

Among those who expiessed the opinion that the teim “Landry’s paralysis 
be dropped were Roseman and Armg (173) who agreed with Madelaine Brown 
(29) that the case Landry described m detail was one of an ordinary vitamin 
deficiency neiiiitis and theiefore does not merit a sepaiate designation This 
viewpomt seems untenable, for, grantmg that this patient was suffeimg from 
vitamin deficiency, it is illogical to assume that the other nme refeiied to by 
him vere in a similai state If the Landry-Guillain-Barr^ sjmdrome is an in- 
fectious disoider, a vitamm deficiency may possibly ser\m as a predisposing 
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factor Walshe (218) has remarked “Onlj' by proorustean exertions can 
avitaminosis be fitted into the clmical pictures ne are considering (Landry’s 
paralysis and acute febrile polyneiiritisl ” Also Cobb and Coggeshall (41) 
proposed that the term bo eliminated, but for another reason They stated that 
masmuch as the term Landry’s paralysis had come to bo used so looselj , non 
being employed mostly in fulminating cases of poliomj elitis, it is best to discard 
the term entirely Considermg this point, Taylor and Clark (199) stated that 
“if ne mean by Landry’s paralysis what Landrj desenbed, it is evidently ab- 
surd to arbitrarily extend the meaning of the term on the clinical side to various 
conditions nhich he did not describe ’’ It is important to recognize that the 
terms “acute ascending paralysis” and “Landry’s paraljsis” are not mter- 
changeable the former is observed m many disorders of known etiology, and the 
latter refers to an ascending paralysis of unknown etiologs’ The term “Landry’s 
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paraljsis” is too strongly entrenched in the literature to be abolished by edict 
What should be abandoned is the misuse of the term 

III CnlMCAL OBSERVATIOXS’ 

In our group the disorder displayed no particular seasonal incidence (table 2) 
The ages of the patients varied from 18 to 51, but the highest incidence uas 
durmg the third decade of life (table 3) These data are of course influenced bj 
the source of the cases, uluch vas clueflj the Armj , m which most of the men 
were between IS and 38 years of age Clear cut dietary deficiency associated 
with chronic alcoholism was noted in only 2 instances (cases 19 and 43) One 
patient had recen ed Japanese B vaceme tw ice wathin 10 daj s of the onset of his 
illness (case 11), another had been vaccinated for smallpox 10 days previously 
and still had an intense local reaction (case 42), and 2 others had received small- 
pox xaccination and other immunizations 3i weeks and “a short time” pre- 

' Thia paper ta not concerned with the problem of treatment, but in view of the alleged 
beneficial effect of neostigmine therapj (186, 201) it should be mentioned that the drug w as 
used in one of our cases, but to no a\aii (caso43) 
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viously (cases 46 and 23 respectively) Tetanus toxoid had been injected 12 
days before the onset in another instance (case 22) . Among the group there were 
2 associated with infectious mononucleosis (cases 4 and 5) which have been 
previously reported (156, 167). One other case of this series (case 23) has also 
been previously published (21) 

A Prodromal Symptoms 

Systemic and local infections ushered m the disorder in all save 10 cases (table 
4) Upper respiratory infections headed the list, being present in 29 cases, or 
58 per cent of the series The mfection was generally in the acute or subacute 
stage when the nervous system was attacked, but m 9 instances there was a latent 
period of from 2 to 7 days between cessation of prodromal disorders and onset of 
neuial symptoms In only 5 was there an elevation of temperature at the time 
when the neuial symptoms appeared 

Of the unusual piodromes the followmg 6 may be mentioned: In one, super- 
ficial scratches of the left leg became infected, leadmg to gangrenous ecthyma, 
and m 6 weeks, when improvement had set in, to numbness of the upper limbs 
and then to paral3’^sis (case 34) In another, the buttocks became chafed by a 
new pail of trouseis, cellulitis developed, and m 4 weeks, when healmg was m 
progress, theie was a sudden onset of diplopia and other manifestations of the 
disorder (case 26) In a third, severe diarrhea^ lastmg 3 days and then sub- 
siding, was followed on the sixth day by pam m the lumbar region and then by 
extreme weakness of the legs (case 28) In a fourth, watery diarrhea and facial 
herpes developed on the mornmg of the onset (case 18) In a fifth, there had 
been infectious hepatitis, the symptoms of which had greatly receded 3 weeks 
before the onset of neural symptoms (case 37) And m a sixth, multiple shell 
fragment wounds of the legs, buttocks, and cheek had been sustamed 12 days 
before the neural disorder began (case 22) 

B. Mode of Onset 

In the majoiity of cases, the onset was marked by disorders m the limbs 
(table 4) In somewhat more than half, the initial symptoms consisted of 
numbness or paresthesias or pams, while m approximately one-third the first 
complaint was that of weakness or paralysis Often sensory and motor symp- 
toms seemed to set m simultaneously. 

Numbness and paresthesias were virtually always experienced m the distal 
portions of the limbs, and pams tended to occur most often m proximal portions 
Not infrequently the paresthesias were sharply localized at first one soldier, 

’ Although most workers have regarded the upper respiratory tract as the imtial locale 
of the causative organism in this disorder, there are some who have favored the gastroin- 
testinal tract in this respect (40, 76, 143, 161) Disturbances of bladder function as a 
presenting symptom also have been noted (100, 117, 164) In 73 non-fatal cases of the 
lain-BarrfS syndrome reported bj' vanous authors in the 1938 volume of Journal beige ae 
neurologic cl dc psychtatnc, gastrointestinal or bladder disturbances ushered in the disorder 
in 14 per cent 



THE LANDRT-GHILIiAIN'BAnB^ BTNDHOJIB 


79 


while attending a “movie,” became aware of numbness of the feet, and in an 
hour or two, of the hands (case 16) , another, while drilling, felt numbness and a 
tingling sensation m all his finger tips (case 37) , and a third was on a hike iv hen 
the great and medial toes of both feet became numb and remained so for 5 days 
before the disorder spread further (case 46) Pain also was sometimes well 
delimited, starting, for instance, m the lumbar region and radiating downward 
along the course of the sciatic nerves (case 28), but more frequently it occurred in 
several places at the same time Pams w ere more commonly encountered in the 
legs and lower trunk than elsewhere 

The mitial sites of w eakness or paralysis were as follow s low er limbs, 22, upper 
limbs, 7, muscles supplied by cranial nerves, 7, and the bladder, 1, m the re- 
maming 13 cases the progress was so rapid that tw o or more parts of the body 
were apparently attacked simultaneously — all the limbs m 6 instances, and 
limbs, trunk, and muscles supplied by cranial ner\ es, m \arymg combinations, m 
the remaining 7 When weakness was the first manifestation of the disorder, it 
often struck suddenly while the individual w as engaged m activity Thus, in one 
instance a soldier w as driving a truck when he noticed w eakness of the left leg on 
pushing m the clutch (case 11), in another, weakness of the arms developed 
while the soldier was on a rifle range, and on the return march his legs became 
weak (case 14) , w hile in a tlurd there was decreased pow er of the middle fingers of 
the right hand which lasted 3 days before the disorder progressed further (case 
12) Weakness was often generahzed at first, but after a variable time, usually 
within a few hours, paralysis could be detected either in the upper or in the 
lower extremities, or over the entire bodj The initial general nature of the 
disorder in some instances is illustrated in case 9 The patient had been m 
the hospital 9 daj's with an upper respiratory infection from which he had al- 
most recovered, when one morning he awoke unable to sit up, turn over in bed, 
speak clearly, or close his eyes 

As to the site of mitial paralysis in the limbs, it was most frequently proximal 
in the lower limbs and distal in the upper (table 4) This is of interest in view 
of the frequent observation that proximal muscles are the site of primary attack 
m both lower and upper limbs (25, 35, 72, 115, 200) On this point, Thorner, 
Alpers and Yaskm (205) stated that “The paralytic symptoms are most often 
noted first in the large muscles of the thigh or the upper portion of the arm 
This is not conclusive evidence that these muscles are affected first, as the larger 
muscles labor under greater mechanical disadvantage than the small muscles of 
the hands and feet Thus some degree of wealoiess would be noted first in the 
larger muscles ” Hegardless of its site, the initial paralysis in our cases w as 
invariably of the flaccid type and remamed so throughout the course Fibril- 
lation of muscles w as not observed, and it is known to be rare in this disorder, 
Adler and Hoff (2) being among the few who have noted it 
Ataxia of the affected limbs, out of all proportion to weakness, was observed 
from the onset in about one fourth of the cases The ataxia was manifested in 
various w ays, such as swaying on standmg, staggering on w alking, and exhibiting 
dysmetna in performing heel to knee or finger-to nose tests Ataxia as a promi- 
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nent early symptom has been noted by numerous authors, and occasionally it has 
been the most strilcmg symptom (51, 192) 

It IS of mterest in cases m which local infections ushered m the disorder, that 
the first neural mvolvement was generally at a distance from the site of m- 
fection . Thus, m 2 cases of granulatmg ulcer of the buttocks and legs, re- 
spectively, the first site of neural involvement was m the extraocular muscles in 
one and in the hands m the other (cases 26 and 34) , and m another with “s3mo- 
vitis” of the left Icnee, the disorder was first manifested by wealmess in the 
fingers of the right hand (case 12) By way of contrast there was 1 instance of 
ulceration of both hands in which numbness began in the hands (case 44). 

In 4 of the group the disorder commenced exclusively m the domam of the 
cramal nerves In one, diplopia was the leading symptom, the patient was 
vTiting a letter when he began to see double, and soon his speech became slurred, 
and his hands paresthetic (case 26) In another, diplopia and dysphagia were 
first complamed of, and then ophthalmoplegia and facial paralysis set in (case 
22) In still another the patient awoke unable to swallow (case 15), and m yet 
another the presentmg symptom consisted of numbness of the right side of the 
face and mouth (case 27) In an additional 4 cases cranial and spmal nerves 
were apparently simultaneously affected (cases 2, 3, 4 and 9) 

Still another category of onset was evident, namely, that characterized by 
abdominal pam: m one the symptoms simulated those of acute salpingitis 
(case 47), m another there was severe pain m the right lower quadrant of the 
abdomen and m the right flank (case 50), while m the third severe abdominal 
pam lastmg 2 days was followed on the third day by urinary retention, and on 
the SLxth by grave mental symptoms, but it was not until the eighteenth day that 
paralysis of the limbs set m (case 45) 

C Course 

The couse of the disorder m this series was diverse In cases m which the 
duration of the illness was short, the paralysis often spread so rapidly that the 
sequence of muscle mvolvement was not apparent In cases of longer duration 
the progress of the paralysis could be more easily followed Generally when it 
started m the lower limbs, it affected next the upper limbs, then cranial nerves 
or trunk or mtercostals, suggestmg that the length of the lower motor neurons 
was the determmmg factor m the progression of the paralysis In 7 instances the 
paralysis began in the upper limbs, and here also the other members usually 
became affected before the tiunk or intercostal muscles or the muscles supplied 
by cranial nen’-es Occasionally paralysis affected limbs alternately Thus, m 
case 48 the first site of paralysis was the left arm, then on the next day the right 
arm, followed shortly by paralysis of the left leg, then the right In one m- 
dividual the left leg .became paralytic, then the left hand, the left forearm, the 
left cheek, and the left side of the tongue, m this order, subsequently the paralysis 
became bilateral (case 11) Atrophy occurred m only 2 instances m the 
dorsum of the hands by the tenth day after the onset m 1 (case 44), and m^all 
the limbs by the thirty-seventh day after the onset m the other (case 50) 
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Atrophy in this disorder has been frequently observed (3, 36, 37, 58, 69, 81, 99, 
117, 208), usually it vas peripheral m location, but occasionally (168) it i\as 
proamnl ' Edema and swellme of affected muscles or overlying subcutaneous 
tissue during the acute phase of the disorder were not observed in our cases, but 
have been noted by others (20, 65, 66, 190, 215) 

As IS evident from the foregoing data, the spread of the paralj sis n as generally 
throughout much of the domain of the pcnpheral nervous system How much 
of the paralysis was due to neura-aal mvolvement was impossible to decide 
Thus in case 40 The disorder was ushered in by tingling of the feet, nhieh 
spread upward to the knees, Sdaya later the legs became weak, and after another 
3 days the arms and face became similarly affected, on the seventh day dysphagia 
and dysarthna developed, and on the twelfth, intercostal and respiratory 
paralysis which led to death The paralysis can be said to have ascended to the 
cranial ncn'cs and then to have descended to involve the intercostal nerves, 
but w hether, in addition, the spread was neuraxial, cannot be categorically stated 
or denied In another mstance, case 7, of 4 days’ duration Weakness and 
numbness started in the legs, on tlic nevt day the upper limbs became paralyzed 
and dysphagia occurred, and on the third day paralysis and analgesia ascended 
to the level of Th X In this case there appears to have been an mitial generali- 
zation of the disorder m spinal roots and peripheral nerves and it could be pre- 
sumed that there was a subsequent spread by way of tlie neurams The most 
suggestive evidence that the morbid process ascended the spinal cord by tissue 
contiguity was in case 30, and yet the symptoms may be explicable also on the 
basis of pnmary radicular involvement numbness developed m the right foot 
and leg, and dull pain m the back Two days later the left foot became numb 
Paraplegia gradually developed and became total on the fourth day of the 
illness, also the bladder became paralytic, and anesthesia up to Th XII was 
noted Then on the fifth day paralysis spread rapidly up the trunk, mvolving 
the abdommal muscles on route, and reached the mpple line, respiratoiy dif- 
ficulty set in, necessitating removal of the patient to a respu-ator By the 
seventh day the anesthesia had risen to the nipple hne, on the eighth, dysphagia 
and facial diplegia developed, and on the ninth, severe pain was complained of in 
both arms Death occurred on the tenth day of illness 
Only in 3 cases can it be said with a reasonable degree of certainty that death 
occurred before the disorder reached the cranial nerves, in two, of 4 and 10 
days’ duration respectively, the paralysis became widespread m the limbs and 
trunk and then included the intercostals (oases 8 and 28), while m the other, of 
29 days’ duration, the legs and arms became paralyzed, hallucmations developed, 
and mtercostal paralysis sot in (case 47) ’ 

The couise of the illness m the 4 cases m which the onset w as exchisivelv in the 
domain of the ci anial nerv es, varied considerably The duration w as from 5 to 
9 day s In 2 of these there vv as subsequent involvement of other cranial norv es 
and the limbs (cases 20 and 27), indicatmg widespread dissemmation of the 
noxious agent to spinal nerv es By way of contrast, the other tw o (cases 15 and 
22) appear to be mstances of true descending paralysis In case 22 the patient 
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initially experienced double vision, difficulty in sivallowing, and headache 
The next day ptosis developed, and the pupils were observed to react feebly to 
light On the third day the speech took on a nasal quality, and ophthalmoplegia 
became total and the face paralyzed On the sixth, the day of death, the right 
masticatory muscles lost their power, and respiratory paralysis set in Through- 
out the course the legs remained unaffected, and the arms also, except during the 
last day when the tendon reflexes could be obtained only by reinforcement 

It will be noticed in table 4 that the duration of the lespective illnesses varied 
from 2 to 46 days In the cases of relatively short duration the course v^as 
steadily downhill The same was true of the cases of longer standing, with one 
notable exception, namely case 48, in which there was prolonged remission 
followed by relapse The patient had had a stormy illness during the first 12 
days and was tiansferred to another hospital where a respirator was available 
During the succeedmg 2 weeks his general condition improved, he recovered his 
sense of taste, facial paralysis regressed, and he could more readily flex his right 
arm Then on the thirty-second day he complained of frontal headaches, nasal 
congestion, and pam m the neck muscles, the paralysis of the hmbs and trunk 
rapidly became worse, and, simultaneously, analgesia spread upward to the 
lower cervical region Respiratory difficulty then developed he could only 
whisper, he could not cough, and his throat had to be aspirated almost con- 
stantly because of rapidly collecting mucopurulent material Death occurred 
approximately 2 days after the onset of the relapse 

Respiratory failure was the final event in the great majority of the cases It 
was manifested m various ivays breathlessness, cyanosis, weakness of the 
voice, failure of the cough reflex and was aggravated by an inability to expel 
mucus from the trancheobronchial tree The respiratory failure generally could 
be traced to paralysis of the mtercostals, and in 4 mstances there was weakness 
or paralysis of accessory respuatory muscles as well (cases 6, 11, 19 and 49) 
Diaphragmatic paralysis occurred in 4 instances (cases 4, 11, 23 and 38), and 
severe hiccups m 1 (case 6) Respuators usually had to be resorted to, but 
occasionally respuatory failure appealed with such abruptness that death en- 
sued before a respirator could be employed Case 37 was such an instance 
Occasionally, respiratory embarrassment could be traced m part to paralysis of 
the vocal cords Thus, m case 50, m which the period of survival was 46 days, 
slurred speech and hoarseness developed on the sixteenth day of the illness, and 
on the twenty-fifth day difficulty m breathmg, these contmued for a few days 
and on the thirty-first day, when the patient was aphonic, the vocal cords were 
found to be paralyzed. Subsequently paralysis and analgesia of the lower half 
of the body (to Th X) developed and then signs of pneumonia, but respuation 
did not fail until the day before death Paralysis of the vocal cords was noted 
also m cases 13 and 19 

There were, however, several cases m which respiratory failure could not be 
assigned as the cause of death In 3 of these, cuculatory failure, heralded either 
by sudden or gradually mcreasmg tachycardia, was the terminal event (cases 
13, 19 and 27) In some an important contributory cause of death seemed to be 
bronchonneumonia or nulmonarv edema 
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D Sensibihly 

Pam was a symptom m 28 instances and usually ushered m the disorder 
Tins is an incidence of 5G per cent, which is somewhat higher than m the senes 
of 20 cases reported by Gilpm, Moersch and ICemohan (82) m which it was 40 
per cent In our senes the pain was generalized m about one-third of the cases 
It sometimes radiated from the lower trunk into the back of the legs, where it 
followed the course of the sciatic nerves (e g , cases 16 and 28), occasionally it 
was of peripheral nerve distribution, corresponding for instance, to the territory 
of the femoral nerve (case 11), occasionally it was localized only in joints (cases 
32 and 43), large muscle groups (cases 17, 18 and 33), lower trunk (cases 29, 30 
and 35), abdomen (cases 12, 45, 47 and 50), or face (case 2) In one, the dis- 
order started with sharp shooting pains across the chest and upper hmbs (case 
49) In only 3 of the 28 cases was the development of pain delayed until the 
course was w ell advanced on the fifth day of a 13-day course, W’hen generalized 
pains occurred (case 37) , on the sixth day of a 14-day course, when contact of the 
heels on the bed was painful (case 40), and on the fourteenth day of a 20-day 
course, when pam developed in the hips and knees (case 43) As a rule the pain 
subsided ns the disorder progressed, but occasionally it persisted or became w orse 
The remark of Gordon Holmes (103), “I have not seen any man with acute 
febrile polyneuritis w ho suffered with pams comparable to those of a moderate 
case of alcoholic neuritis,” is applicable also to our series, with the exception of 
4 m which the pains were described as severe or excruciating (cases 23, 27, 33 
and 45) Intolerable pams, sometimes ushering in the disorder and at other 
times occurring late m the course, have been noted also by others (42, 83, 87, 
114, 117, 168, 171, 186, 200, 207, 223) 

Aching of the calves, shoulders, and elsewhere was a promment symptom in 5 
in which pams were not experienced (cases 1, 10, 24, 31 and 44) 

Tenderness of muscles or nerve trunks or both w'ere noted in 16 instances, in 3 
of which no pams or achmg w ere experienced (cases 5, 15 and 19) Vice versa, 
there were 21 instances m which achmg or pam was complained of m which 
pressure-pain was either not present or not recorded 
Numbness and paresthesias occurred as frequently as pam, being noted m 29 
cases In about one-half of these, numbness or tinghng was the presenting 
symptom, most pronounced at first m a distal location, occasionally spreadmg up 
the limbs (as m cases 20, 34, 40 and 41), and m 1 mstance progressmg for an 
undertermmed distance "from bottom upwards” (case 3) A sensation of 
numbness in the region of distribution of the maxillary and mandibular divisions 
of the trigemmal nerve was an initial symptom m 1 mstance (case 27) 
Hyperesthesia or hyperalgesia or both was detected m 8 cases A significant 
example is case 43 m which hyperalgesia was sharply limited to the region of 
distribution of L I to S V and C VI to Th I, except for analgesia at the periphery 
of the ex-tremities Hypesthesia and anesthesia were more frequent, bemg noted 
m 19 Ordinarily they remamed confined to the periphery of the limbs and were 
of glove-sock distribution, but occasionally hypesthesia was widespread and 
patchy, not bemg confined to penpheral nerve or segmental areas, such an 
instance was case 46 m w-hich hypesthesia and hypalgesia were noted m several 
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regions^of the limbs, and in which there was a doubtful sensory level of Th XI 
Such disturbances are virtually always bilaterally equal, but occasionally, as in 
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the case of Bnskier (27), they affected only one-half the body Reduction of 
sensibility of segmental distribution remained stationary in some of our cases, 
e g , in segments L I to L III in case 49 In others it spread Thus, in case 7 
anesthesia ascended in 3 days to the level of Th X, n here it halted In case 19 
it reached L II, while lij peralgesia was experienced at the level of Th II Also 
in case 30 anesthesia spread upw’ard, reaching the level of Th XII by the fifth 
day and Th V by the seventh day, on the ninth day the patient experienced 
severe pain in both arms, and died on the tenth day A similar distribution of 
analgesia was noted m case 50, in which sensibility was lost up to the level of 
Th X, and over most of the upper limbs In cases 45 and 48 analgesia over the 
entire body up to the low er cervical region was encountered toward the end of the 
respective courses Six examples are illustrated in figure 2 Whether these are 
cases solely of radicular involvement or of secondary extension of the morbid 
process mto the spinal cord can, again, not be stated categorically, but it is hard 
to conceive of such widespread and uniform loss of sensibility without impli- 
cation of the spinal cord 

Deep sensibility suffered in 19 cases, as manifested by impaired appreciation of 
position, movement, and vibration — sometimes smgly but generally m com- 
bination In all, the disturbance was confined to the hands and feet, mostly the 
latter, and usually w ns apparent 2 or 3 or more days after onset of the illness 
Astereognosis w as noted in cases 26 and 48, this finding, relatively uncommon in 
the absence of other sensory changes, was a striking feature in a case described by 
von Sdntha (213) 

Of the entire 50 cases, there were only 4 in w hich both subjective and objective 
disturbances of sensibilit> were absent or were not recorded, all were of brief 
duration, lasting 4, 5, 0 and 8 days respectively (cases 8, 14, 22 and 25) Cranial 
nerves were affected in all except 3 (cases 8, 28 and 47) 

E Reflexes 

As paralysis sw ept through a limb, the tendon reflexes w ere reduced and then 
abolished Occasionallj they were exaggerated mitially (cases 13 and 24) 
Where paralysis spared some muscle groups the corresponding tendon reflexes 
were sometimes retained Superficial reflexes w ere almost always lost eventually 
The Babinski reflex was elicited in only 1 instance and then bilaterally (case 
15), m this patient all other deep and superficial reflexes were unobtainable 
In 2 other cases the Babinski reflex was equivocal (cases 28 and 42) This 
reflex has been obtained by others® (10, 36, 44, 56, 132, 162, 164, 180, 183, 217) 
Patellar clonus in the early part of the course was noted in 1 instance (case 24) 
In 1 patient in whom all reflex activity was abolished, there was persistent 
pnapism (case 6) 

F SflkincleT Involvement 

Ilrmary incontinence or retention was observed in about one-fourth of the 
cases during earlier phases when consciousness was still preserved Usually it 

• In ono instance m which a Babinski response was obtained and in which laminoctomv 
was done, there w as marked sn elling of the spinal cord, which doubtless was responsible for 
the Babinski response (197) 
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was transient In 1 case urinary retention and severe abdominal pam were the 
presenting symptoms, but vesical function was soon restored (case 45) This 
incidence of sphmcter involvement is higher than that usually encountered among 
nonfatal cases 


G. Meningeal Involvement 

Stiffness of the neck was encountered in 6 mstances (cases 10, 15, 19, 36, 38 and 
40), excluding 1 associated with infectious mononucleosis. In 5 of these a positive 
Kernig leflex was elicited. The spinal fluid cell count was normal m 1 of the 6, 
and varied between 7 and 23 per c.mm m the remainder Others who have 
noted evidence of meningeal irritation with the pleocytosis are listed m table 1 
It IS of interest that m the 2 cases vuth the highest spinal fluid cell count, i e , 
30 and 55 cells per c.mm , no evidence of memngeal irritation was noted (cases 
34 and 48 respectively) Vice versa, there are many cases recorded m the 
literature m which signs of menmgeal irritation prevailed but m which the 
spinal fluid cell coimt was normal Of special interest is a series of 6 cases re- 
ported by Riser and Planques (168) in which a positive Kernig’s sign constituted 
the first manifestation of the disorder (see also Riser, Planques and G4raud 
[169]) In 73 mstances of nonfatal Landry-Guillain-Barr4 syndrome reported 
by various authors m the 1938 volume of the Journal beige de neurologie et de 
psychiatrie, symptoms of menmgeal mvolvement were encountered m 21 

H Headache 

Headache was complamed of in only 4 mstances, and then was transient (cases 
18, 23, 33 and 48) It occurred at the outset in 3 and m the latter part of the 
course m the fourth Subsequent severe mental changes developed m 2 of these 
(cases 23 and 33) Headache as a promment symptom has been reported by 
others (40, 48, 117, 121, 142, 163, 168, 198, 200) 

I Temperature, Pulse, Respiration and Blood Pressure 

Durmg the early course of the respective illnesses, the temperature generally 
was within normal limits, or was even subnormal Of the 44 cases m which the 
initial temperature is known, there were 5, however, m which it was shghtly to 
moderately elevated, and of the 4 of these m which the subsequent temperatures 
are knovm, there was an early return to normal m 2 (cases 6 and 35), and a 
subsequent rise m 2 (cases 27 and 30) A terminal rise m temperature occurred 
m 23 A defimtely febrile course was noted m only 3 instances In one of 5 
days’ duration, the imtial temperature was 97 8°F, on the second day it rose to 
101 8° and slowly chmbed imtil the end, when 103 8° was reached (case 14) 
In the second, of 10 days’ duration, the temperature on the third day of illness 
(the day of entrance into hospital) was 99°, on the fourth day it started to 
“spike” between 99 and 100.4°, on the eighth day went to 105°, m the vicinity of 
which it remained (case 30). And m the third, also of 10 days’ duration, the 
initial temperature was 99°, and on the third day climbed to 102°, where it re- 
mamed for 2 days, then fell to normal (case 27) At autopsy, bronchopneumonia 
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Mas"absent m cases 30 and 27, but was present in case 14 The conclusion 
reached from a review ol the clinical histones is that the fever w as a manifestation 
of the disorder and not the result of comphcating bronchopneumonia 
Pulse and respiratory rates, on the other hand, tended to be considerably 
elevated throughout much of the course of the illness, usually reaching a maxi- 
mum at the end The blood pressure generally remained within normal limits, 
but m 11 instances became elevated An example is case 50 in i\ hioh the duration 
of the illness xias 40 days, on the fifth day the blood pressure was 122/74, the 
tenth, 180/100, the fourteenth, 160/114, and in the latter part of the course, 
198/102 It IS apparent that tachycardia and hypertension contributed to the 
fatal outcome in numerous cases 

J Mental Symptoms 

Mental clarity prevailed in all except 7 of the cases In one of these, the 
patient, during the last 5 days of a 23-day illness, had delusions, for example, 
that Ins body xvas divided into four parts and that some belonged to another 
person (case 46) Another patient became confused and heard voices calling 
Ins name on the second da\ of his illness, on the fourth day he announced that 
he had swam the English Channel, and on the sixth that he was riding a tiain, 
and on the sexenth that he was on a boat, but after the ninth day his mental 
ssmiptoms cleared (case 50) Hallucinations occurred m the latter part of the 
illness in cases 23 and 47 Transient periods of excitement, anxiety, and panic 
were experienced early in the course of the illness in 2 (oases 16 and 45) and late 
in another (ease 33) 

K Cramal Nerve Palsies 

Aside from palsies of cranial neves IX and X, which occurred m all sax e 3 
(cases 8, 28 and 47), facial palsy xvas the most frequent (table 4) It occurred 
in 25 of the cases (50 per cent), was virtually always bilateral, and usually de- 
veloped relatively earlj in the course of tlie disorder In different series re- 
corded m the literature, the incidence of facial paralysis varied considerably 
in 17 of 20 cases (25), in 10 of 32 cases (168), and m 6 of 20 cases (82) 

Extiaooular palsies were observed m 12 mstances There xvas ptosis m 3, 
palsy of a lateral rectus muscle m 4, palsy of a medial rectus m 1, weakness of 
accommodation-convergence in 1, total ophthalmoplegia in 1, and palsy of 
undetermined type in the remammg 2 Judgmg from the paucity of reports of 
paraijsis of accommodation convergence (45, 89, 145, 173, 203), it is a relatively 
uncommon finding, as is also total ophthalmoplegia (10, 43, 57, 77) Nystagmus 
on lateral deviation of the eyes was observed in 3 (cases 26, 42 and SO), and on 
upw ard gaze as w ell in 1 (case 42) A few others have also observed nj stagmus 
in this disorder (78, 106, 130, 160, 162, 200, 206), in the 15 cases reported by 
Van Bogaert et al (207), nystagmus occurred in 3 

The trigeminal nerv o was affected in 14 mstances In 4 the disturbance w as 
in the motor realm, in the other 10 the sensory part of the nerve was attacked, 
there being numbness and tinglmg of the lips, tongue, teeth, or face m 9, and 



100 


WEBB HATMAKER AND JAMES W. KERNOHAN 


facial neuralgia in the remaming 1 The corneal reflexes were apparen% normal 
m all save 3 (cases 11, 23 and 46) In 1 instance in which the mouth was numb, 
taste was unpaired (case 48).® Judging from the paucity of reports in the 
literature (74, 173, 198, 217, 219), impau-ement of taste is a rare manifestation of 
the disorder 

The hypoglossal nerve was implicated m 10 cases 

L V^sual Disturbances 

Tiansient indistinctness of vision was noted m 2 of the series (cases 34 and 49), 
and blurrmg of the optic disc in 2 (cases 19 and 36) In no case was frank 
papilledema observed, which is m contrast to the findmgs reported by others 
(40, 53, 122, 141, 164, 200, 208) Gilpm, Moersch and Kemohan (82) reported 
papilledema in 3 of 35 mstances, m 2 of which a choking of 2 to 3 diopters was 
present Retmal hemorrhages in association with papilledema has been reported 
(40, 164), as has optic neuritis (62, 183) Craniotomy has been resorted to m 
2 cases of papiUedema in which vision was threatened (71, 135) 

M Herpes 

Herpes of the lips was noted in 1 instance (case 9), and of the lips and face in 
another (case 18), 


IV. LABORATORY DATA 

A Virus and Bacterial Studies 

Virus studies carried out by the Department of Virus and Rickettsial Diseases 
at the Army Medical Department Research and Graduate School on material 
from the nenmus system in 17 cases proved negative Cultures of spinal fluid 
in 8 mstances and of blood m 7 also failed to reveal any organisms On the other 
hand, cultures of material from the throat, lungs, and elsewhere m 13 cases 
disclosed a variety of organisms, with streptococci and staphylococci pre- 
dommatmg (table 5) 

B Spinal Fluid 

In the 33 cases m which the total protem of the spinal fluid was deteimmed, it 
varied from 18 to 372 mg per cent If 45 mg per cent is assumed to be the 
upper limit of normal, the protein was in excess in 21 Where moie than one 
determination was made, the values fluctuated thus, in 6 mstances the mitial 
values weie higher than those obtained subsequently, while in 4 others the re- 
verse was obtamed The most striking elevation was in case 24, the total protem 
on the second day bemg 20 mg per cent, and at autopsj’^, done on the eighth day, 
250 mg pel cent The greatest reduction was m case 28, the total protein on the 
third day bemg 114 mg per cent, and on the sixth daj’^, 55 mg per cent Similar 
observations on increase or decrease of protem as the disorder progressed have 

® In one case of the disorder which reached the Army Institute of Pathology after this 
study ^as completed (AIP Acc 174656), the patient complained that ever^'thing be ate 
tasted bitter, he also had a feeling of numbness of the tongue 
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been reported by others Johnson (107), m 19 cases of “infectious polyneuritis” 
ocoumng m the ItaUan Theater of Operations dunng World War II, found in 

TABLE B 

Dala on Bactmal Cultures in Thirteen Fatal Cases of Landry Gutllatn Barrt Syndrome 


CASE 

NO 

SOIJSCE OF CULTURE 

( 

DAY AFTER 
ONSET 
CtrLTURE 
UAOE 

Wi ■» Fosr 
UOSTEU) 

REStaTS 

4 

Throat 

2 

A feu alpha strop , nonheraolyt staph 

5 

Throat 

3 

Pneumococci, hemolyt strep 

14 

Lungs 

PM 

Staph nurcuB, occasional strep , rare pneumococcus, 
^llcrococcus catarrhahs 

15 

Intestines 

PM 

E cob, B BubtiUs, Paracolon group (cob type) xath 
small omount of Salmonella “0” antigenic factor 
III in 2 cultures and factor t-rx in n third culture 

22 

Throat 

3 

Staph aureus and albus, nonhemolyt strep 


Throat 

0 

Staph albus, nonhemolyt strep , diphtheroids 


Wound oi thigh 

PM 

, B pyocyaneus, B subtihs, diphtheroids, nonhemo 
1>t strep , anaerobic Staph albus 

Diphtheroids (nonvirulent^, micrococcus, Staph 
albus 


ToqsU 

1 PM 

24 

Lung 

PM 

Nonhemolyt strep , Staph aureus 

28 

Stool 

4 

Ncg for typhoid, dysentery organisms, parasites 
and ova 

33 

Sputum 

6 

Predominating H influenzae, many colonies D 
pneumoniae 

34 

Throat 

10 

Staph aureus 


Ulcer oi leit leg 

PM 

Staph aureus 

38 

Sputum 

- 

Nonhemolyt Btrep and staph 

43 

Intestines 

PM 

E coll and Acrobacter aerogenes 

44 

Skin lesion 

17 

Ncg for C diphthenae 


Throat 

19 

Ncg for C diphthenae and hemolyt strep 

50 

Throat 

18 

Nonhemolyt strep 


Lung 

PM 

Nonhemolyt Staph albus, Strep vindans (alpha 
prime), hemolyt Staph aureus 


the majority a decided fluctuation in total protein, the most striking rise being 
from 38 5 to 144 2 mg per cent in 8 days, and the greatest fall being from 203 
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to 120 mg. per cent in IS days Instances in which the spinal fluid protem rose 
from normal to abnormally high levels in the course of the disorder are mdicated 
in figure 1 

Leukocytes m this series varied from 0 to 110 cells per c mm of spinal fluid, but 
generally were sparse, exceeding 20 m only 5 instances (cases 1, 4, 19, 34 and 48). 
Virtually all were lymphocytes, although m 1 mstance there were 10 per cent 
neutrophilic leukocytes (case 1) A similar percentage of neutrophils was noted 
by Collier (43) m 2 cases m which there were 140 and 146 cells per c mm of flmd 
In a case described by Walter (219) in which 92 cells per c mm. were present, 50 
per cent were neutrophils Sometimes neutrophils predominated over lympho- 
cytes, de Morsier and Stemmann (56) havmg observed in a case m which 82 
cells were present that 60 per cent were neutrophils, and Johnson (107), m the 
presence of 47 cells, that 76 per cent were neutrophils 

Xanthochromia of the spmal fluid was not observed m any of our cases It 
was noted in 22 per cent of the 18 cases of Dempsey, Karnosh and Gardner 
(57), and in 37 per cent of the 30 cases of Merritt and Fremont-Smith (138) 

Colloidal gold studies were made on 22 of the series In 10 the curves were in 
the normal range, m 4 there was a midzonal rise (e g., 0134320000 in case 1), 
and m the remaming 8 the curves were of the first-zone type (e g , 5554432100 m 
case 38) In one mstance in which the illness lasted 46 days, the curves on the 
eighth, eighteenth and twenty-sixth days were all of the first-zone type (case 
50) An analysis of all the cases m which colloidal gold studies were done re- 
vealed no coi relation between the type of curve and the severity or duration of 
the disorder 

The sugar content of spinal fluid, as deteimmed in 15 cases, varied from 57 
to 182 per cent It was 80 mg per cent or lower m 8, 56 6 mg per cent bemg the 
lowest (case 15), and higher than this value in 7* 87 (case 23), 90 (case 38), 
92 (case 50), 98 falling to 85 (case 36), 100 rising to 182 (case 33), 107 (case 25), 
and 121 mg pei cent (case 32). Biemond (20) has observed a fall as low as 30 
mg per cent when evidence of meningeal mvolvement existed and a return to 
76 mg per cent after improvement had set in Decreased spinal fluid sugar has 
been reported also by others (28, 171, 201) Sugar determmations carried out 
in 14 cases by Forster, Broivn and Merritt (72) revealed a fall in 1 (39 mg per 
cent), a slight rise m 4 (168 mg per cent bemg the lughest), and normal values in 
the lemainmg 9 

Spmal fluid chloride determmations yielded 627 mg per cent (case 5), 695 
rising to 717 (case 33), 700 (case 49), and 800 (case 23) Values m 13 cases of 
Foister, Brown and Merritt (72) were as follows, slight decrease in 4 (666 mg 
per cent bemg the lowest), slight mcrease m 3 (768 mg per cent the highest), 
and normal in the remaming 6 

C Blood Constituents 

Hemoglobin and er^dhrocytes generally were within normal limits Total 
and diffeiential leukocj’te counts were available m 33 cases, excluding the 2 
associated with mfectious mononucleosis Mild to marked leukocytosis was 
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generally observed on admission to hospital irrespective of preceding upper 
respiratory infections Relative and absolute increase of neutrophilic leukocytes 
was observed in 17, and of lymphocytes m 12 In the latter group the total 
number of lymphocytes per mm ® of blood varied from 3,900 to 8,281 and the 
percentage from 25 to 80 (table 6) Approximately one-fourth of the cases, 
therefore, n ere characterized by a relative and absolute increase in blood lympho- 
cytes Terminal leukocytosis with relative and absolute increase in neutrophils, 
regarded largely as a reaction to bronchopneumonia, was present in the majority 
of cases in uhich the data ii ere available 

TABLE 6 

Blood counts in tweloe cases of fatal Landry Gmllain Barrt syndrome in which, a relative 
and absolute increase in lymphoci/tce uas observed 
(+ signifies positive, 0, negative, and information not available) 


CASE HO 

DOKA 

TtOM 

vrTEs 

EES? 

irrrECT 

INlTlAt 

TEMP 

AETEB 

ONSET 

DAY 

AfTEE 

ONSET 

coowt 

DONE 

tETOOCYTES 

NEDTEO 

PBIES 

1 

j 

LYUPBO 

eVTES 

1 

MONO 

CYTES 

1 

ENtABCED 

SDBCU 

TANEOD5 

1 LYMPH 
, NODES 

WT OP 
SPLEEN 

6 

days 

4 

+ 

F 

100 3 

1 

mm * 

10,800 

ptT (fnt 

05 

1 ptr ctnl 

34 

1 jitt ttni 

1 


1 

300 

Q 

4 


98 0 

1 

22,300 

75 

25 

0 

— 

175 

11 

5 

— 

98 0 

2 

10,000 

69 

39 

2 

0 

150* 

12 

6 

— 

03 0 

4 

20,000 

64 

35 

0 

4* 

224 

18 

G 

— 

— 

1 

16,200 

57 

42 

1 

0 

170 

24 

8 

-1- 

98 0 

2 

12,600 ! 

65 

35 

0 

0 

170 

28 

10 

— ' 

98 2 ^ 

2 

17,600 ' 

35 ' 

56 

4 

0 

210* 

36 

12 

— 

98 0 

6 

16,000 1 

51 

49 

0 

0 

230 

40 

14 

— 

98 0 

7 

7,800 

42 

52 

2 

dr 

240 

41 

15 

+ 

08 6 

2 

7,600 

20 

80 

0 

0 

250 

47 

29 

— 

98 6 

1 

17,200 

70 

30 

0 

0 1 

110 

48 

S3 

+ 

98 6 

1 

8,000 

25 

67 

0 

0 

200 


* Pathologic changes suggestive of those seen m infectious mononucleosis were observed 
m the lymph nodes m Case 6, and m the spleen in Cases 11 and 28 In 4 other cases in a hich 
similar changes ivere present, the lymphocyte count was relatively normal 


Sedimentation of erythrocytes was studied m 10 cases in 7 the values u ere 
greater than normal, IS to 20 mm per hour bemg regarded as the upper limit of 
normal As the disorder progressed, the sedimentation rate tended to rise 
e g , from 12 to 22 (case 28), 14 to 53 (case 44), 15 to 45 (case 32), and 31 to 35 
mm m one hour (case 47) Steams and Harris (193) have reported values of 
20 to 24 mm sedimentation in one hour m 2 nonfatal cases of the disorder, and 
Bngden (26) , also m a nonfatal case, a value of 73 mm in one how at the height 
of the illness, w ith a subsequent faU to 5G mm , and then to 12 mm 

D Other Data 

Nonprotem nitrogen studies were performed m 6 cases Values m excess of 
normal were obtained in 2 32 and 66 mg per cent of serum in cases 50 and 45 
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respectively Albuminuria with or without casts was noted in 3 (cases 6, 14 
and 49) , in case 6 the urine contamed 3+ albumm, granular casts, and a few pus 
cells 

Determinations of the concentration of chlorides in the plasma in 4 cases was 
found to be reduced m 3, the values being 356, 356 and 363 mg per cent re- 
spectively (cases 28, 40 and 50) 

The heterophile antibody test, performed only in case 4, was positive m a 
dilution of 1:1792 In 6 mstances reported by Baker (10) the heterophile 
antibody titre was 1'56 in 4, 1.112 in 1, and 1:224 in 1, and in 2 reported by 
Parker and Adams (149) the titre was negative in 1 and I* 64 in the other 

Wassermann and ICahn tests were negative in all cases 

V REVIEW OF THE LITERATURE OP PATHOLOGIC CHANGES IN THE LANDRY- 

GmLLAIN-BARR}£ SYNDROME 

A Nervous System 

1 Introduction A great disparity m observations marked the earlier at- 
tempts to determine the pathologic basis of the disorder under discussion 
Eichhorst (64) and Dejerine and Goetz (52), m 1876, and Van den Velden (209), 
in 1877, described degenerative changes m the more proximal part of the periph- 
eral nervous system, and in the ensuing years these observations were well 
substantiated (22, 66, 102, 104, 140, 144, 165) Degenerative changes restricted 
to the distal ends of the nerves in a case of 23 days’ duration were noted by 
Roily (172), and solely in the peripheral nerves by Dejenne (51) m 2 cases of 
unstated duration On the basis of his observation, Roily advanced the view 
that the disorder starts peripherally and ascends nerves Dum4nil (60, 61) was 
the first to demonstrate such a mode of spread in his classic work on the subject, 
but his case was of 5 months’ duration In this connection it is worthy of note 
that Marmesco (133) on examinmg the skin in 1 case of the disorder, observed 
advanced proliferative changes m Pacmian and Meissner’s corpuscles as well as 
complete degeneration of their emergent fibers Walter (219), Margulis (130), 
and others have observed that the most marked changes occur in the spinal 
nerves, i e , in the region where the anterior and posterior roots join, and extend 
both proximally and distally to a varymg degree Brussilowski (30) noted that 
nerve fibers in roots were not affected in their entire extent but in focal areas, the 
intervenmg parts of the nerve fibers bemg normal 

The central nervous system also was implicated by some earlier workers 
Chalvet (39) was among the first to describe swelhng and other degenerative 
changes m anterior horn cells Hoffmann (102) reported severe swelling and 
disintegration of myelin in the pyramidal tracts of the medulla oblongata and 
spinal cord, and in the intramedullary part of the anterior spinal roots, he also 
observed scattered small perivascular collections of lymphocytes m the roots 
Wood and Dercum (225) noted diffuse myelin degeneration in the spinal cord 
In a review of the pathologic changes observed m “Landry’s paralysis up to 
1904, Schmaus (182) listed some 14 instances in which degeneiative changes in 
the proximal part of the peripheral nervous system, occasionally accompanied by 
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mnammatory cells, ^\eIe obson'cd, and similar changes m the spinal cold or 
medulla oblongata, or both, m 11 

2 Peripheral Ncnous System In the more i ecent i eports of the pathology of 
this disordei theie is agreement that the changes found most consistently aie in 
the moie pioximal part of the peuphcial neivous sjstem, and that they include 
\asculai engoigement, edema, degeneration of myelin and axis cjlindeis uith 
phagocytosis of the debris by histiocytes, and piohferation of the cells of 
Schwann Inflammatory cells, usually lymphocjtes, have been found m af- 
fected portions of the peiipberal nenmus system, usually the roots, and not 
infrequently in the dorsal loot ganglia (sometimes predommanllj m the ganglia), 
at \arious stages of solution of the disorder— 5 days (8), G and 7 days (157), 
7 days (55), 8 dax s (122), 12 daj s (5, 22, 54), 15 days (204), 18 days (31), 3 w eehs 
(7G, 130, 148, 155), G weeks (5G, 106, 109, 113, 115, 153), 9 weeks (82), 12 weeks 
(2, 112), and 17 weeks (134) Tlie infrequent occurrence of mflammatorj cells 
m cases of brief duiation has been taken as evidence that the pieseiice of such 
cells 111 cases of longer dui ation constitutes a response to ncuional damage, not an 
mtegial pait of the initial piocess Gaitner (70), m describing a case of poly- 
nenioradicuhtis ascendens (Landij’s paialjsis) which ended fatally after 3 
weeks of illness, and m which degoneiatiie changes and inGammatory cells were 
found in the nerve i oots, stated “Wii mussen uns also, w enii w n \ on Radiculitis 
spreohen daiubei klar sem, dass wir den toilweise hochgiadigen Infiltiate eine 
repaiatorische Entzundung m Smne von Aschoff vor uns habon ” Pette and 
Kornyey (157), on the otliei hand, expressed the view that a 1} mphooj tic exudate 
maj be taken as ei idcnce of x luis oiigiii, and that a purel> degeneiatix e process 
indicates a toxic agent, accordingly they classified Landry’s paialysis etiologi- 
cally into tn o foi ms, vii us and toxic 

3 Central Nervous System Changes in the central nenmus sjstem also hix e 
been observed, partioularlj when the disorder has run a relatixelv long course, 
diffuse myelin degeneration in the spinal cord (30, 122) and also m the low ei bi am 
stem (127) (best brought out bj the Marchi method), degeneiation oi gliosis oi 
both m the posteiioi columns of the spin il coid (28, 82, 178, 187) and in the 
doisal spinoceiebellar tracts (1, 187), an increase of round cells oi gha m thogiey 
matter of the spinal coid (25, 30, 34, 35, 124), sparse perivascular collections of 
Ijmphocx'tes in the biain (28, 86, 153, 155, 157), sparse, diffuse, patchy demvel 
mation with histiocjtic reaction, mainlj pcrix asoular, m the cerebial white 
mattei and cortex (10, 1G2), proliferation of maiginal gha of the cerebral coitex 
and chionic cell changes in coitical laminae (124), chromatolj sis of Betz cells 
(103, 106, 115),andeailj neui onophagia of Betz cells (30) and of pxiamidal cells 
of the hippocampus (28) The majoiitj of xvoikers, howevei, haxe observed no 
abnoimahties m the central nervous sjstem aside fiom degeneiativc changes, 
usually mmoi, in anteiioi hoins and cianial neixm nuclei sexenl writers have 
laid stress on such changes (30, 32, 33, 80, 85, 8G, IIG, 13G, 179, 205) Some 
believed that the chinges iii motor nuclei were primary, and others that they 
rcpiesented retrogiade degeneration Brussilowski (30), who obscured de- 
geneiatixe changes in loots and anterior hoin cells, expressed the opinion that 
the changes vveie independent of each other 
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4 Leptomemnges The spinal leptomeninges also participate in the pathologic 
piocess in some cases, to judge fiom 1) hj^peiemia, swelling and thickening of the 
spinal aiachnoidal trabeculae (35), 2) piohfeiation of the aiachnoid (so seveie as 
to lead to spinal or posterioi fossa block fl7, 20, 91] and necessitate exploiatoiy 
opeiation [71, 124, 135]), 3) slight cellulai leaction and infiltration of the ceie- 
bial leptomeninges (28, 173), 4) mild lymphocj’-tosis of the leptomeninges of the 
spinal cold adjacent to the spinal loots, at times continuous peiivasculailj’’ into 
the peiipheiy of the spinal coid (55, 104, 122, 132, 133, 134, 153, 157), and 5) 
the piesence of small groups of leukoc 3 d;es in the cerebral leptomeninges (34) 

5 Comment Much has been made of the lack of pathologic changes in the 
peripheral and central nervous s^'^stems m some cases of Landij’^’s paralysis, and 
indeed some authors have asserted that only when abnormalities are lacking is 
the diagnosis of Landry’s paralysis warranted Cattle (37), in 1909, expressed 
the then prevalent opinion “A ceitam m^'^steiy has always hung ovei Landi 3 ^’s 
paiatysis because it has so frequently happened that no morbid changes in the 
nervous S 3 ’'stem have been discovered after death,” but added, as the result of 
personal observations, “the notion that Landi 3 ’'’s paralysis is associated with no 
morbid tissue changes of permanent character can no longer be maintained ” 
Similarly, Mills and Spillei (140), in leviewing the pathologic hndmgs in nu- 
merous cases of Landr 3 '-’s paialysis, lemarked “A total of twenty-eight recorded 
cases in which lesions wei e found must make us skeptical towai d the i epoi t of 
those cases in which no lesions were noted ” It is commonl 3 '’ recognized that a 
few days are required before changes in the nervous system become apparent 
Should death occur before this time, the nei vous system would be expected to be 
flee from abnormalities, a view well expressed by Soltmann (190) “Je acutei der 
Veilauf um so wenigei wild man ugend vie anatomische Verandei ungen 
eiwaiten durfen, dei Kianke stnbt, ehe es zii solchen kommen konnte, bei 
subacutem Verlauf werden sich die Eischeinungen dei Polyneuritis khmsch and 
anatomisch decken, und bei piotahieiten Nature im Ruckenmaik, in der giauen 
Voideisaule, multipolar Ganglionzellen eventuell in den Seitensti angei heivoi- 
tieten konnen ” 


B Other Tissues 

The literature contains relatively few accounts of caieful studies of the thoiacic 
and abdominal viscera in the disoidei undei discussion Enlargement of the 
spleen vas remarked as eaih'^ as 1867 63 '’ Oulmont and Ha 3 ’’em (147), and 63 ^ 
man 3 ’' others after them Increase in the size of L’^mph nodes has been obseivec 
faiilv fiequently since the 1860’s Bradford, Bashfoid and Wilson (25) found 
patch 3 ' parench 3 TOatous and glomeiulai nephiitis and degeneiative changes in 
voluntai 3 '^ muscles, and slight and Amiiable infiltiation of round cells in the poita 
tiiads of the liver Gaitnei (76) observed acute ileitis vith leactive changes m 
the adjacent Lraph nodes in 1 instance P 6 hu and Dechaume (153) note 
mild intcistitial inflammatoi 3 '^ leaction m skeletal and caidiac muscle in 1 e- 
geneiative and/or inflammatoiv changes in skeletal muscle have been lepoite 
also by others (1, 23, 84, 147, 157, 174, 205, 215) Alaiinesco and Diaganescu 
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lections of lymphocytes m the fldrenal gland Sahm and Aung (179), m a study 
of 3 cases, reported cellulai infiltiales nnd/oi focal necioses of a aiying degrees m 
the heart, Iner, adrenal glands, and Kidneys, Aung (7) lemarked that these are 
“changes nhich aic considered to be secondarj" to most pathologists ” In a 
highlj unusual case of the disoidei reported by PaiKei and \daras (149), the 
cellulai infilti ate in viscei a y as even more stiiKing 

VI PATHOLOGIC OBSERVATIONS 

A Central Nervous Sijslctn and Meninges 

In 0111 senes, gross examination of the brains revealed only slight to model ate 
edema, and in 1 instance mild hemoirhage into the leptomoninges of the convex 
surface of the biaiii (case 1) The weight of the brains \ aiicd from 1250 to 1730 
gm , and ax eraged 1493 gm 

On microscopic examination the biains showed little of significance in some 
of the more fulminant cases there weie edema and acute tell changes, and m 
appioximately one fifth of the senes small, sparse peiivasculai collections of 
lymphocytes which weie predominantly in the white matter and subependymal 
tissue Soatteicd petocliiae in the cential nervous system, paiticiilaily in the 
grej matter of the spinal coid, were obseix'ed in about one-thnd of the cases 
In occasional instances, the leptomoninges, ceicbial and spinal, contained 
petechial hemorrhages Hypeitiophy, and in some cases hypoiphsii of fixed 
tissue cells of the mtiacianial and spinal leptomeninges occuiied in 16 cases 
An outstanding eximplc is illustrated in figiiie 3A Such piohfeiation was 
usually diffuse ox’ei a relatively small area, but sometimes w is concentiated in 
the region of vessels Prolifoi ative arachnoiditis around the more distal pai ts of 
spinal roots occuri ed in a few cases, the most striking instance of w hieh w as case 
34 (fig 3B) Cellulai infiltrate into the leptomeninges was obseivcd m 4 in- 
stances (cases 19, 27, 30 and 44) llie infiltiates were exccedinglx small in 3 
of these and weie present in the anteiioi median fissiiie oi on the x'ential aspect 
of the spinal coid, m the other (case 30) it was more abundant, consisting of 
lymphocjtes, laige mononucleais, and scattered neutiophilic leukocytes, and x\as 
pocketed in the recess adjacent to a spinal loot (fig 3C) Engoigement of 
vessels of the leptomeninges and roots of the spinal cord w as a common finding 
(fig 4) 

In the spinal coid in approximately 10 cases there was mild chiomatolysis of 
anteiior horn cells, in 3 others the degeneratixe changes weie lelatixely severe 
(fig 5) The hematoxylin and eosin, Masson tuchromc, ciesyl xiolet, and 
Spiolmeyer myelin sheath stains levealed that there was no cellular infiltrate oi 
degeneratixe change in the spinal coid in any of these cases (aside from the 
chromatolysis mentioned) In only 1 instance, of 14 days’ duiation, did the 
Bodian actuated silxer method show eailj but definite degcnciation of the axis 
cvhndeistraxersing the antciomedian group of nerxecclls (fig 6A),the inteiioi 
roots chspliiyod definite degeneiative changes in many of then axis cyhndeis 
(fig GB) and invelin sheaths, also a few scatteicd maciophages, lymphocj tes and 
proliferated Schwann cells Inasmuch as the anterior horn cells in this case 
were normal, it was concluded that the axis cyhndei changes within the anterior 
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horn Aveie the lesult of letiogiade degeneiation The only other instance of 
degeneiative change of axons within the spinal coid was case 28 , of 10 da3'’s' 



Fig 3 Leptomeningbal Changes 

In A (case 29, duration 10 days), from the cerebral leptomeninges, the fixed tissue cells 
have proliferated, and some have been converted into free macrophages Hema y , 
eosin stain X 450 (AIP Neg 98745 ) In B (case 34, duration 11 feV 

pait of a spinal root in the lumbar region, theie is an advanced focal pro r 
noiditis, the adjacent dura is free from change (The spinal fluid in th osgss ) 

30 cells per c mm on the da}" before death ) Ciesyl violet stain X So (j “i jjj 

In C (case 30, duration 10 days), fiom the leptomeninges in the vicimtj of a spmai r 
the lumbar legion (circled in fig 13), there aie numerous polls ncr mm ^) 

neutrophilic leukocytes (Spinal fluid study 8 da 3 "S before death reveale - 1 

Ilematoxylin and eosin stain X 500 (AIP Neg 101673 ) 


duiation, m which Bodian activated silvei piepaiations shotted lelatitely seteie 
stt cllmg and distoition of axis cjdmdeis m the immediate vicinitj’' o t le pos eiioi 


hoi ns 


Since the completion of this study, the Army Institute of Patholog} receive . . 

77 dats’ duration in tthich the posteiior columns shotted deni} clination ttith as r c 
( VIP Acc 210103) Appaicntly nioie thin 46 dajs and less than 7/ dt}S ire rcquir 
degeneiation to extend ftom the posteiior roots into the posterior spina co umns 




Tig 4 (Case 21 , Duration C D vys) 

E\tTenie engorgement of vessels m Icptomcmngcs and anterior roots TKe section is 
from tlic uppermost thoracic region (Scittercd small perivascular hemorrhages were 
present in the spinal gra> matter of this section ) Ilematowlin and cosm stain X 95 
(AIP Neg 9S952 ) 



Fig 5 (Case 2S, Doration 10 Dais) 

Degenerative eh ingcs in anterior horn cells (Degenerative changes in the peripheral 
nervous 8} stem were well advanced m this case scchg 7C ) The section is from the upper 
sacral region In \ some of the cells arc amorphous eacept for a rim of Nissl substance 

X 185 (\IPNcg 101214 ) In Bis illustrated a dislodgenicnt of the nucleus into the most 

pro\im il part of i cj toplasmic process X 400 (AIP Xeg 101212 ) In G, a large mass of 
pirinuclcar material, presumably incrciacd Iipochromc, is to be soon X 545 fAIP 
>.eg 101215) Masson tncliromc stain 
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B Pcnpheral Nervous System 

1 Spinal Nerves The most profound alteiations weie encounteied in the 
peupheial neivous system The earliest change consisted of edema It was 



Fig 6 (Case 40, Duration 14 Dais) 

111 A, from the anteromedian cell group of the anterior horn of the lumbar cord, there ^ 
spelling, lieading and fragmentation of axis olinders The nerve cells arc normal X 
2S0 (AIP Neg S5G84 ) In B, from the most proximal part of the antenor root (same 
section as in A), the degenerative changes in axis cylinders are more pronouncecl ana tnere 
IS enlargement of fixed tissue cells X COO (AIP Nog S56S5 ) Bodian activated silver 
method 

pi esent m a case m m Inch the patient had died 4 da3'’s after the onset of s3’'mptonis 
(case 6) In this instance, edema was the onty significant featuie, although 
sliglit swelling and iiiegulaiito'^ of the m3’-elin sheaths yeie also obseived At the 
o-da3" stage, m3'ehn sheath and axis C3dindei changes iieie readib^ visible (figs 
7 A and 7 B) In none of the eail3’^ cases vas theie an3" local cellulai leaction oi 
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Tig 7 (Case 11, Dun^rioN 6 Da>s, and Case 28, DunmoN 10 Dais) 

In A (case 11), from an unidentified spinal root the mjelin is inarkedlj fragmented 
Masson tnehrome stain X 500 (AIP Neg 9S928 ) In B, from the same cise a fc\s 
axis cylinders shon snclling bcadinj, and other distortions Bodi in activated silver 
method X550 (VIPNeg 98752) In C(ca8c28) the section la from an upper lumbar root 
There is extensive degeneration of the axis ej Imders \\ ith v icuoUzatiou and fragmentation 
of imelin Inflamm itor> reaction is absent and there is no prolifer ition of Sthn ann cells 
Bodi in activated Sliver method X 600 (AIP Neg S5G66 ) 


mflammatoij exiidite At the 8 day stage, myelm and a\is ojlmdeis shoned 
a greatei degree of disintegration, and at 9 days scattered small gi oups of lympho- 
cytes nere occasional!} obsened At the 10 da} stage, the changes in myelin 
and axis cylmdeis weie still moie marked (fig 7C), but activation of fixed tissue 
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cells and Schwann cells was still m abeyance At 11 days, howDvei, numeious 
phagocytes neie encounteied (fig 8A) (although in one instance they weie 
piesent at 9 days, see fig llA), and theie was eaily activation and suggestive 
piohfeiation of Schwann cells, also theie was a somewhat greatei numbei of 




Fig 8 The St vges at v high Macrophages and Proeiferated Schwann Cells Usualli 

BECOAIE EmDENT 

In A (case 34, duration 11 da 3 s), from the same specimen as illustrated in fig 3B, de- 
generation of mj elm and axis 03 linders is w ell advanced and numerous macrophages occum 
Schvann tubules hlasson tnchrome stain X 500 (AIP Neg 103477 ) In B (case 36, 
duration 13 da 3 s) , from the sciatic nerve, Schii ann cells have begun to proliferate llema- 
to\ 3 lin and eosin stain X 350 (AIP Neg 103478 ) 


hunphocytes scattered diffusel 5 ’' thiough the neive bimdles At 13 daj’^s, 
Schtvann cell pioliferation, in some regions focal and m others diffuse, tvas 
cleailj^ evident (fig 8B) 

After the 13-day stage, the changes lecounted were met with consistently but 
thej’- varied m degiee m different parts of the peiipheial neivous S 3 '^stem In 1 
instance, of 23 da 3 '^s’ duration, an intei costal nerve was severely degeneiated and 
its component neiwe fibers widel 3 '^ sepaiated b 3 ’' coagulated amorphous material 




I iG 9 (C\«,c ^3, Duration 21 Da\s) 

In A, from an intercostal nerve, the nerve bundles are degenerated and disrupted b\ 
cdcnii fluid and eiidoneunal fibrosis has occurred Alasson tnclirome stain X 35 
(VIP Ke^ 102021 ) In B, from a, field in A, the degenerative changes edema fluid, and 
cndoncurial fibrosis are shown to better vdv intagc One nerve fiber is visililc X 300 
(AIP ^,og 102017 ) In C, also from an intercost il nerve, theic are macrophages within 
fcchwann tubules, proliferated Schwann cells ind Ivmphocvtes Hematoavlin and eosm 
‘itam X 'ioO (AIP Neg 101760 ) 


Tlio most sevei o clwngos \\ ere noted in the cise of longest duration, namelj 46 
dajs Theie nas maiked edema of the neive sheaths, nhich uas out of 
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Fig 10 (Case 50, Duration 46 Dais) 

Changes in a penpheial nerve (sciatic or femoial) In A, myelin and axis cylinders have 
disappeared and there is severe edema and a scattering of l 3 'mphocytes and macrophages 
Occasional pioliferated Schwann cells are to be noted Hematoxjdin and eosin stain 
X 230 (AIP Neg 85675 ) In B, most of the m 3 'ehn that remains is fragmented and dis- 
integiated Spielme 3 'er modification of the Weigeit m 3 '^elin stain X 230 (AIP Neg 
85678 ) In C, there is marked edema and complete degeneration of axis c 3 dindors Phago- 
C 3 'tes occup 3 ^ Schwann tubules, and some of them contain remnants of axis C 3 dinders 
Bodian activated silver method X 600 (AIP Neg 95673 ) In D, most of the myelin 
sheaths are degenerated and Schw ann cells have undergone marked proliferation Slight 
edema is present, but theie aie no inflammatory cells Alasson trichrome stain X 500 
(AIP Neg 85677 ) 


pi 01301 tion to the cellulai i eaction (fig lOA) In many i egions scai cel}'’ a noi mal 
myelin sheath remained (fig lOB) Debus of bioken-down myelm and macio- 
phages containing small fiagments of nondegeneiated myelin and dioplets of 
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lipoid weio ibimdant, (fiR IOC) In borae sections stained by the Bodian aoti- 
\atod silvei method, not a single normal axis tjlmdcr was cncomitoicd, all that 
lemamed of nerve bundles being a few small bioken fiagmentb of axis cylindcis 
andomptyshoTthsandtheirconneotixetissuecos'cimgs (figs lOAand IOC) Pio- 
hfcration of Schwann cells was evident m some legions (fig lOD), but not m 
olheis Occasion d groups of Schwann eclls undergoing mitosis also weie noted 
In only an occasional section was a spuse scattciing of lymphocytes observed 
In the senes ns a w hole, the changes were usually most prominent m the i egion 
wheie the motoi and sensoiy loots join to foim the spinal neive Thev oc- 
cuiied to i diminishing degiee in the adjacent paits of the spinal loots, especially 
the antciioi roots, and seldom loached the most pioximal portion of the roots 
The degree of change diminished also m the periphcial neivcs as one proceeded 
distally flora the spinal neivcs, but flicic was insufficient material to determine 
how far distallj the lesions extended, or indeed the i dative seventy of involve- 
ment of spinal nerxes and penphci il ncivcs In cases of short diiiation de- 
gencratix'c changes weie decidedly focal m clwiactoi, sometimes the foci weie 
1 irgc, presenting a leopard skin effect in the section as a whole, and occasionally 
a single axis cxhndei and its myelin sheath were seveiely degcneiated while the 
immediately adjacent fibeis weie of normal appcaiance Nerve fibeis dose to 
vessels oi to the pia sufTcied no moie than those distant from these structures 
Even m cases of longer standing the changes weie not univeisal in a loot oi 
peripheial noivo, but usually vaiied in sever if j from fascicle to fascicle in the 
same neive trunk Vessel walls usually weie uniffectcd, but in an occasional 
case, especially of longer st indiiig, vessels heie and theie showed piohfeiation of 
endothelial cells and adventitial histiocytes This w is a striking featuie in a case 
of 8 dvjs’ duration studied aftei this report was picpaicd (AIP Aec 203980) 
The patient hadh ul sevcic alcoholism Sc ittered among the piohferated adven- 
titial histiocj tes w eie sm ill round cells lescmblmg lymphocytes, and there w ere 
occasional neutiophilic leukocytes Peiixascular nerve hberb weie damaged, but 
no more so than fibeis at a distance from vessels 

Evidence of degoneiation in dorsal root ganglia varied greatly from case to 
case and even from one ganglion to anothci m the sime case, however, mild to 
marked chromatolysis was present in most ganglia In some theie were small 
numbeis of lymphocytes but no neutiophilic leukocytes In sevmial cases a 
focal prohfeiation of the ondocapsiilai cells was noted Occasioiiallj this was 
well marked, but usually it was mild It seemed to us that this endocapsulai 
pi ohfei ation w as seoondarj to the degenei ation of the nei vo cells, since it did not, 
as a lule, coriespond to the degiee of piohfeiation of the Schwann cells of the 
spinal nerves and since it was just as piomment in chronic as in acute cases 

2 Sympathclic Nenous System Sjmpathetic ganglia and neives weie 
available in onlj a few cases In onlj one w ei e changes observ ed, and then in the 
supciioi coivical sjmpathetic ginglion theie was edema and a slight excess of 
small round cells, apparently lymphocytes, m the inteistitium, with an oc- 
casional grouping of such cells around blood vessels, capsul ii cells had not pro- 
hfei ated (case oO) 

3 Cramal N erves What has been lelated of the ch inges in the spinal periph- 
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eial neivous system was tiue also of the cianial neives, both as legaids the 
natuie of the lesions and the time at ^^hlch they became appaient (fig 11) 



Fig 11 Changes iv the Vth Cr\mal Xeri e 
In A (case 27, duration 9 da3's), aMS C3linders are in various stages of degeneration, 
m3 elm is disintegrated, and Schw aim tubules are filled 3\ ith macrophages A fen Schn aim 
cells sho3\ evidence of activation (In this case numbness of the face, mouth and tcetl^njis 
the leading S3miptom ) Bodian activated silver method X 235 (AIP Xeg 101775 ) 
In B (case 44, duration 22 da3’'s), most of the Schmnn tubules are filled nith macrophages 
The remaining mvelm sheaths show disintegrative changes Schnann cells have not 
proliferated and mflammator3’ exudate is absent (Invoh'ement of the Vth ner3’’e nas not 
detected clmicalh’ ) Masson triclironie stain X 425 (AIP Neg 101764 ) 


The lesions geneiall 3 ^ leached to 33 itlun a shoit distance of the brain stem The 
gasseiian ganglion in 1 instance showed modeiate piolifeiation of endocapsulai 
cells (case 38) 

4 F'indi7tgs Different Chmeal Syndromes An especial effoit was made to 
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determine whothei tlieic weic any distingni'^Uing pathologic featuics m the 4 
cases m iihich sensoiy disturbances Mcie licking In one of these (case 8), 
of 4 dais’ duiation, theie i\as tlie clniacleiistic engorgement of leptomenmgeal 
and 1 uhculai lessels and edema of the spinal loots, dso thoie woie a fen 
petechiae in the antciior lioins of the spinal coid In anothei (case 14), of 5 
days’ duiation, engorgement of acssels and petechial hcmoiihagos m anteiioi 
hoins Meie also obsened An occasional anteiioi hoin cell shoiicd slight 
dogenciative change, iiliilo a\is ejhndeis in the anteiioi loot component of the 
spinal neivc neie swollen and displajed othei distortions (fig 12), and the 
myelin m this legion was beginning to undeigo fiagment ition, the coiiespondmg 
pai t of the postei loi root w as free fi om change but thei c w ei e occasional sw ollen 
and beaded axis cjdindeis in the most distal pait of the postei loi loot ganglion 



Fic 12 (C\bh H, DunvTiov 6 Dws) 


In the region of fusion of anterior ‘iiul posterior roots, there arc swelling 'incl other 
distortions of the iims cjlindcrs of tlie uiitcrior root component (in lower one third of 
photograph) and n \ xch, of such changes m the posterior root component The Icptomcnin 
ges are free from change Bodian activated silver method X 55 (AIP Neg 103487 ) 

In still another (case 22), of G days’ duiation, the mateiial was not a\ ailable foi 
study And in the fourth (case 25), of 8 days' duiation, the Vth nerve showed 
the changes anticipated at this stage, but satisfactoiy spinal lOot mateiial was 
not available foi study The obsen ations m the second case, at least, if a single 
sampling is to be consideied lepiesentatne, wmnld sene to explain motor 
paialysis in the absence of sensoiy distinbmces, had the clianges m the fibers 
in the posterior root ganglion progiessed further it appears likely that altei ations 
m sensibility w ould have developed An effoi t w as also made to determine the 
basis of the anesthesia which foimed such a stiiking part of the clinical picture 
in a few of the cases In such cases it could geneially be established that the 
anteiioi and posterioi loots were similaily affected Thus, in case 30, of 10 



118 


■nTDBB HAYMAKER AND JAMES W KERNOHA.N 



Fig 13 (Case 30, Duration 10 Dais) 

Degenerative changes in anterioi and posterior roots in the piesence of iiidespread 
paraljsis and anesthesia In A aie illustrated the roots as tho3'’ penetrate the dura The 
squares indicate the approximate regions from which photographs B and C were taken 
(The leptomeningeal exudate enclosed in the circle is illustrated in fig 3C ) Masson tri- 
chrome stain X 22 (AIP Nog 103817 ) In B and C it will be noted that axis cylinders 
are severelj’' degenerated IMacrophages are not present, nor have Schwann cells pro- 
lifeiated Bodian activated silver method X 235 (4IP Negs 103759 and 103761 ) 


da5'’s’ duration, degeneiatiYo changes in axis cjdindeis xveie found m both loots, 
particulail}^ neai then legion of fusion (fig 13), in this case, as aheady men- 



Tni. IjAJJDIlY-GUIIiIiAIN-B VTlIl£ SINPHOMC 


119 


tioned, theie ^\ere degeneiative changes :n axis cvlmders of the posteiior and 
lateial columns of the spinal cold, but ganglion cells of the cord uoie intact " 

C Other Tissues 

The most striking change in the viscera nas that of bionchopneumonia, nhich 
M as found in 33 cases It usually -u as early and hypostatic in form Oocasion- 
allj it was of the aspiiation tjpe Congestion and edema of the lungs pre\ ailed 
in the majoiitj Of the 50 cases theie nas an excess of fluid in the pleural space 
in 9, and in the peiicaidial sac in 14, the greatest amount of pleuial fluid being 
500 cc (case 10), and of peiioaidial fluid 100 cc (case 44) Lon giade in- 



Fig 14 Focal RIiocAnniTis 


In A (c i^e 23, duration 8 dajs) Ijmphocytca and lar^o monoimclcur cells predominate 
X450 (AIPNcg 100888 ) In D (case 29, duration 10 dajs) there are also a few AnitschKon 
cells X 400 (AIP Ncg 98938 ) Ilematoxjlin and cosm stain 


torstitial pneumonitis n as noted in 1 instance (case 24) In another, the lungs 
■neie the seat of snbacute miliary tuberculosis, in addition theie Mere tubercles 
in the h\ ei and spleen and a tuberculous perisplenitis (case 3) 

The heart appealed noimal m all except 7 cases in uhich mild focal myo 
caiditis uas obseived (cases 14, 18, 27, 28, 29, 34 and 44) Such foci, mvariablj 
small and spaise, consisted of porix oscular collections of Ijmphocjtes, macro- 
phages, and Amtschkon cells (fig 14) Collections of lymphocytes woie found 
occasionally m the epioaidium, especially aiound the coronal j vessels (cases 
23. 29, 32, 42 and 45) 

" The piithologic chnngLS in the nervous sjstcm and viscera m the 2 oases of proven 
infectious mononucleosis in our senes (cases 4 and S), have been reported bv Ricker ct a! 
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The spleen ^2 available foi study in 43 of the cases, exclusive of 2 associated 
with infectious mononucleosis (cases 4 and 5) and 1 which was tubeiculous (case 
3) The weight of the spleen varied fi om 60 to 424 gm , and in 17 ^^^as 200 gm or 
moi e The splenic weight was 300 gm oi moi e m cases 3, 6, 27, 30 and 37 The 
mean weight was 186 gm The weights boie no significant i elation to the length 
of illness, but tended to be moie in the range of normal the longei the duiation, 
m the 10 cases of longest duration, for instance, the spleen weighed fiom 60 to 
120 gm m 4, from 120 to 160 in 2, and fiom 160 to 200 in 2, and from 200 to 250 
in 2 Microscopically, the splenic pulp was generally the seat of intense con- 
gestion In some spleens the pulp appeared hyperplastic, and m otheis the 
follicles In 6 there wei e reactive changes m the pulp, capsule, ti abeculae, adven- 
titia of arteiies, and adventitia and subintima of veins, in vaiying combinations, 
suggestive of those seen m infectious mononucleosis (46, 189) (cases 1, 13, 25, 
28, 34 and 38) , the atypical lymphocytes seen in these regions lesembled those of 
flank infectious mononucleosis but were fewer (fig 15) 

The lymph nodes were but little affected Cervical lymph nodes were slightly 
to moderately enlaiged in 10 cases (excluding the 2 associated with infectious 
mononucleosis), but tended to recede as the illness ran its course Geneialized 
slight lymphadenopath 3 '' was noted clinically in 1 of these, but at autopsy the 
nodes weie no longei enlarged (case 43) Associated enlargement of axillary 
nodes was obseived m 2 (cases 23 and 46) Mesenteiic bmph nodes were in- 
creased m size m only 2 instances (cases 15 and 44), and mediastinal nodes in 1 
(case 3) Mici oscopicall}'", theie was inconstant and generally mild leaction on 
the part of the lymphocytes and leticuloendothelial cells In only 1 instance 
weie there changes suggestive of those seen in infectious mononucleosis (case 6) 
The livei showed focal necrosis with intralobulai accumulations of lymphocytes 
in 2 instances, of slight to model ate degree m 1 (case 10) and inconsequential in 
the othei An increase in peiipoi tal bmphoc^des was noted in case 25 Chiomc 
hepatic cirihosis was obseiwed in case 30, in which theie had been a history'' of 
alcoholism Subacute hepatitis of model ately advanced degree was obsei ved m 
case 37, a finding which confiimed the clinical impiession 

The gasti ointestmal tract exhibited little of significance There was hypei- 
plasia of Ijmphoid elements of the ileum m 1 (case 1), chronic enteiitis in 1 
(case 19), chionic gastiitis m 1 (case 46), and volvulus of the small intestine in 
1 (case 32) 

The ladneJ^s v eie of normal appearance in the gieat majoiity of cases on- 
gestion vas fiequentb’’ conspicuous Lower nephron nephiosis vas present in 
3 instances (cases 6, 23 and 50), and changes suggestive of this condition in o 
otheis (cases 1, 14, 27, 28 and 47) Sulfonamides or transfusions had been a 
ministeied in 3 of these (cases 6, 28 and 47) 

The adrenal glands veie noimal ex'cept foi focal cortical neciosis vit ym 
phocjdic exudate in 1 (fig 16) Also theie weie occasional small collections o 
Ijmiphocjdes in the zona faciculata m 2 (cases 45 and 48) and at the cortico 

*= Studj of the spleen, Ijmph nodes, bone marrow and blood picture in this senes was 
carried out in collaboration with Dr R Philip Custer 
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Tic 15 Cimnces in the Spiten 

In A (case 28, duration 10 da\s), there is n Bubcndothclial lymplioc\ tic reaction in a largo 
vein (A similar change as present beneath the intima and m the idvcntitin of several m 
tratrabccular arteries, as V cll as in the capsule and trabeculae) This tjpe of reaction is 
noted consistentl> in infectious mononucleosis, although it is not necessarily pathogno 
monic of that disease X 2S5 (AIP Neg 10218S ) In B (case 34, duration 11 days) a 
subendothehal lymphocytic reaction similar to that shown in A is to be seen X 550 
(AIP Ncg 102519 ) In C (case 2S, duration 10 d lys), the pulp display s marked ly mphoid 
hyperplasia, and there is i scattering of atypical lymphocy tes similar to tlioso of infectious 
mononucleosis X 050 (A.IPNcg 102189) Hematoxylin and cosm stain 


mcdullnrj junction ui 2 (cases 28 and 40) It is locognized that this type of 
lymphocjtie iciction in the adienals is commonlj’' otiscned m any senes of un- 
scloi led autopsies Vn occasional small pci ivascul n collection of Ij mphooj Ics 
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was noted in the penadienal tissue in 1 instance (case 29), and peiiadienal 
hemoiihage in 5 

The bone mairow showed nothing of significance aside from occasional mmoi 
gianulocytiG hypeiplasia. 

Skeletal muscle Avas available for study in 13 cases In 7 it AA^as noimal, in 1 
theie AA^as spotty SAA^elling of muscle fibeis (case 13), m 3 mild degeneiative 
changes uuth scanty prolifeiation of saicolemmal cells (cases 8, 30 and 47), m 
1 moderate neciosis AAuth proliferatwe changes (case 41), and m 1 seveie changes 



Fig 16 (Case 48, Dukation 33 Days) 

The cortev of the adrenal gland is edematous and there is irregular necrosis, also diere 
are infiltrates of small round cells (The remainder of Jthe cortex was ‘ 

otherwise normal ) Hematoxjlin and eosin stain X 75 (AIP Neg 1034/5 ; 

(case 6) In the lattei, only a fcAA’^ muscle fibers retained their stuations, Awhile 
most shoAA'ed swelling, clumping, fiagmentation, and A^acuolization (fig 1/A), 
all muscles aAmilable displayed the same changes The acuteness of the piocess 
\\ as indicated the piesence of neutiophilic leukocytes around some of the is- 
mtegiating muscle fibeis The blood A''essels suppljung these muscles 
noimal The example of necrosis of lesser scope is illustiated in Fig 1/B 
The onlj”- othei pathologic change seen A\as embi 3 ’’onal caicmoma of tie 
testis m case 8 In this instance the patient had been admitted to liospita a\ it i 
a swollen, painful testis 
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Tir 17 CiUNOi IS Smietai Muscif 
In A (CISC G, (lur ilion 4 daja) there is severe necrosis of muscle fibers, nifli mcressc in 
number of sorcolcmmil uml intcrstitnl cells Bodiiui nclivated siKor method X ICO 
(Alt’ S'ct, SG522 ) In B (ttse 11, durntion 15 di>8) tin irci of severo focal ncorosis Mith 
cellular proliferation is to be noted Himaiiiint, muscle fibers ire in the realm of normal 
except for slight hjperplasia of some of the ssrcolcmmal cells Ilematoxjlm andcosin 
stain X 115 (AI1> Aeg 'JS0I4 ) 


VII DISCUSSIOA 

In thib review of the liteiatuic, consideiablc effoit was made to dotcimme the 
clinic il scope of the disoidei undei discussion A conclusion leached was that 
the pathoan atomic terms thus far emplojed iie inadequate Such a term as 
“poljradiculonouritis”, for example, ilthough justified in most cases from a 
clinical standpoint, does not stand up pathologically, foi in none of our 50 cases 
were inflammatory cells ohserv'ed m the peripheral nonous sxstem until the 
course was well adv anced, and then they were legaided as pait of the lepaiatne 
process To classifj the disordci as a “polj r idiculoneui opathj ” w ould be more 
in keeping w 1 th w h it w is seen imdei the mici oscope and w ould be mime w ith the 
now w idelj accepted tci m “encephalopathy” to denote vai ions nonmflammatoi-j 
disoideis of the hi am, but such a term is too nonspecific to seive a useful puipose 
in designating the disoidci nndei discussion 
Some of those who have icgarded Landij’s pai ihsis and the Guillam-Barie 
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syndiome as entirely diffeient disoideis have claimed that m Landiy’s paralysis 
there are no discernible pathologic changes, ivheieas in cases coriesponding 
clinically to the Guillain-Baii6 s^mdiome the pioximal poition of the peiiplieial 
nervous system suffers degeneiative and othei changes In oui cases the 
pathologic changes vai led ivith the dm ation of the disordei Edema of tlie moi e 
proximal part of the peiiplieial nervous system constituted the only significant 
alteration duiing the first tlnee oi foui days of illness By the foui th day, slight 
swelling and iriegularity of myelin sheaths weie detected, and by the fifth, cleai- 
cut dismtegi ation of myelin and swellmg of axis cylindei s On the ninth day a few 
lymphocytes sometimes began to appear, on the eleventh, phagoc 3 des, and on the 
thirteenth, a piohfeiation of Schwann cells Seveie degeneiative changes weie 
found m the anteiioi horn cells in a few cases but they weie alwaj'^s less severe 
than the changes in the loots, and consequently weie legaided as letiogiade in 
natuie Even in cases of paialysis unaccompanied bj’’ sensoiy distuibances — 
cases which most closely simulated Landiy’s paialysis — the degeneiative 
changes were moi e advanced in the loots than m the anteiior hoin cells Hence, 
oui mateiial lends no suppoit to the view that the anteiioi hoin cells are pri- 
marily attacked in Landr 3 '’’s paialysis In all the cases m vhich appiopiiate 
material vas available, the degenerative changes, decidedly focal in eaily stages 
of the disoidei , were concentiated in the legion of the spinal neives and extended 
bothpioximallj'' and distally foi ashoit distance, but whethei oi not the peiiph- 
eial neives also bore the burnt of the attack could not be detei mined because 
of the paucity of peiipheial neive mateiial Wheie motor sj^ptoms weie most 
piominent the lesions tended to piedominate in the anteiioi loots, and wheie 
videspiead anesthesia accompanied the paial 3 ''sis the lesions were found m 
posteiioi and anterioi lOots this, as fai as we could detei mine, was the onlj'^ 
essential pathologic difference between the tvo clinical foims of the disoidei, 
the lesions were alike but diffeied in position 

The seventy of sensoij^ symptoms has been said by some to be a distinguishing 
feature between Landry’s paialysis and the Guillam-Baii6 syndiome, mild 
sjmiptoms chaiacteiizing the foimer and modeiate to seveie the lattei It is 
difficult, lio\i evei , to detei mine v here to draw a line between mild and modeiate 
If aching, numbness and/ oi paresthesias, and hj’'pesthesia, alone oi in combina- 
tion, aie to be legaided as constituting mild sensory S3’’mptoms, there veie 1 
of OUI gioup Avhich fall into this categoiy (table 7) B5'’ way of contiast, tieie 

weie 19 m which there w'ere pain, tenderness of nerves and/oi muscles, lu^pei 
esthesia, anesthesia, and a reduction in deep sensibilit 3 '' in various combinations 
(table S) Comparing the twm gi oups, one finds that the incidence an seven y 
of sensoi 3 '^ symptoms tend to inciease in direct i elation to the duration o le 

disoidei Widespread anesthesia and h3^pei esthesia weie not encounteie un i 

aftei the tw entieth da 3 ^ of illness, except m case 30 in which extensn e anest le la 
w as pi esent on the fifth da 3 '' Had the 6 patients who sui vn ed 5 a3 s oi ess 
(table 7) lived longer, it seems likel 3 ’^ fiom what one observes m otiei cases, 
that moie severe sensoi 3 ’’ distuibances would have developed On t le o lei 
hand, no difference m sequence of paiatysis could be found in the tuo gioups 
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There was little correlation in the degree of sensory disturbances and the incidence 
of increase m spinal fluid protein m those cases m which figures are available, 
the protein w as elevated in 71 per cent m which sensory disturbances ii ore mild, 
and in 85 per cent m which they were severe 
It has also been claimed that in Landry’s paralysis the spinal fluid suffers no 
change, whereas in the Guillnin-Barrd syndrome there is pronounced albumino- 
cytologic dissociation In our senes, in which the protein content of the spinal 
fluid had been determined in 33, and m which the Tandy reaction W'as positive in 
an additional 5 oases, making a total of 38, there w ere 11 in w hich the protein w as 
within the Imuts of normal This constitutes 20 per cent of the cases, and is not an 

TABLE 7 

Dalaon ihxTiccnSo-io-l cases of Landry Gutllatn Barrk syndrome tn which sensory disturbances 

were minimal 


(+ signifies positive, 0, negative, and information not available) 
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unduly high incidence when a comparison is made with other senes, for instance 
that of Baker (10) in w hich the spinal fluid protein w as normal in 21 5 per cent of 
28 cases It should be emphasized that a single samplmg of total protein does 
not necessanly reflect the level of protem during the entire course, for it has been 
shown that protem may rise from normal to excessiv e levels during the course of 
the disorder, or may be initially elevated and subsequently fall to normal The 
former w as tnie in 4 of our cases, and the latter in 1 But granting that the total 
spmal fluid protein was consistently normal in all 11, the overall clmioal picture 
of these cases differed m no essential from that of the others As may be seen 
in table 9, which gives data prior to spmal fluid study, the lower limbs were 
paralytic m all oases sai e 2, and subjective or objective sensory changes, or both 
w ere present m all except 1 Duration of the illness was also not a factor m the 
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non-appearance of an excess protein m the spinal fluid From these data it is 
appaient that the amount of spinal fluid protein is not of much impoitance in 
establishing the diagnosis of the Landry-Guillain-Barrd syndrome 
The ultimate piognosis in our cases was obviously not influenced by the rise 
or fall of the spinal fluid protein, where more than one protein determination 
uas made, there was a rise of protein in 6 instances and a fall in 4 


TABLE 8 

Data on nineteen fatal cases of Landry-Guillain-Barrt syndrome in which sensory 

disturbances were severe 

(-1- signifies positive, 0, negative, and — , information not available) 



The development of the Landry-GuiIIain-Bair^ syndrome duiing the course 
of infectious mononucleosis in cases 4 and 5 is probabl}’’ not fortuitous T is 
association has been described by otheis (101, 156, 167) and has occurre in at 
least 1 unreported case (46) The etiologic agent of infectious mononuc eosis is 
notoiiously neurotropic, as frequently evidenced by symptoms referab e to t e 
central nervous system and by the demonstration of changes charactenstic o 
infectious mononucleosis in fatal cases of menmgo-encephalitis (70, 119, ). 

Our sei les also included 6 cases in which the histologic changes in the spleen ere 
similar to those of infectious mononucleosis, although no further support or t e 
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diagnosis could be obtained from the available data It must be remembered, 
however, that the tissue changes m this disease may be relatively evanescent and 
the heterophile antibody curves and blood pictures inconstant While it is 
likely that infectious mononucleosis is at least one cause of the Landry-Guillain- 
Barr6 syndrome, much more careful study of the blood is required in future 
cases to determine the frequency of this relationship It is recommended that 
the blood picture be closely observed tliroughout the course of the disorder, and 
that serial heterophile antibody titrations be performed, using the Davidsohn 
technic, rather than bemg content with one negative test Despite the negative 
results of virus studies in our senes it is also urged that attempts at virus isolation 
be continued 

TABLE 0 

Analysis of clam fatal cases of Landry Gutllatn Barri syndrome in which spinal fluid 
protein was within the limits of normal 
(+ signifies positive, 0, negative, and — , information not available) 
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The problem of classification has engaged the attention of several w orkers in 
the field Guillam (93, 94), all of whose cases were nonfatal, employed a classi- 
fication based on the topography of involvement, ns follows 

1 Inv oU ement of limbs solely 

2 Invoh ement of structures supplied by cranial nerves solely 

3 A combination of 1 and 2 

4 Instances in which cerebral symptoms are severe 

Baker (10), w hose oases carried a mortality of 9 1 per cent, proposed a classifi- 
cation in which the degree of seventy is also taken into account 

1 Abortive or mononeuntic form, occurnng m the realm of either the spinal or 
cranial nerves, or both , relatively benign 

2 Polyncuriticform, also both spinal and cramnl m distribution, also generally 
benign but running a longer course than m 1 
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3 Myekhc form, also of spmal and cranial nerve distribution, with emphasis 
on the former, the form most frequently encountered, recovery rapid. 

4. Bulbar form, also of spinal and cranial nerve distribution with emphasis on 
the bulbar symptoms, death may occur 


TABLE 10 


Classification of fifty fatal cases of Landry-Guillain-Barrk syndrome 


1 

2 


3 


4 

5 


6 


i 


TYPES OP CXINICAI. COtJESE 


Rapidly developing widespread paralysis, spinal and cranial, in 
which the sequence of spread is undetermined (sensory disturbances 
mild to severe) (Cases 1, 2, 3, 4, 9, 12 and 16) 

Paralysis affecting the lower and/or upper limbs first, then cramal 
nerves and usually intercostals (sensory disturbances mild to 
severe) 

a with cutaneous disturbances of radicular distnbution (Cases 7, 
19,43 and 48) 


lOTAM 


7 


4 


b without cutaneous disturbances of radicular distribution 
(Cases 5, 6, 10, 11, 13, 14, 17, 18, 20, 21, 23, 24, 25, 29, 31, 32, 33, 34, 
36, 37, 38, 39, 40, 42 and 44) 

Paralysis commencing in the limbs and involving the intercostals 
without implicating the cramal nerves 
a sensory disturbances absent (Case 8) 
b sensory disturbances present (Cases 28 and 47) 

Paralysis starting in the bladder and spreading to limbs, trunk, and 
cranial nerves (with cutaneous disturbances of radicular distribu- 
tion) (Case 45) 

Paralysis starting in the lower limbs, ascending and affecting 
cranial nerves (sensory disturbances mild to severe) 
a with cutaneous disturbances of radicular distribution (Case 30) 
b without cutaneous disturbances of radicular distribution (Case 
35) 

Paralysis starting in the domain of the cramal nerves and subse- 
quently involving limbs (sensory disturbances mild to severe) 
a with cutaneous disturbances of radicular distribution (Case 50) 
b without cutaneous disturbances of radicular distribution (Cases 
26, 27, 46 and 49) 


26 

1 

2 

1 

1 

1 

1 

4 


Paralysis starting in the domain of cranial nerves and taking a 
descending course (Cases 15 and 22) 


5 Cerebral form, of rare occurrence, with severe headache, malaise, vertigo, 
nausea, papilledema, and relatively mild involvement of cranial and spma 
nerves, prognosis guarded 

Alajouanme and Mauric (4) viewed their cases, occasionally fatal, m anot er 
light, as follows* 

1 Les formes algiques, mth subjective and objective changes in super ci 
and sometimes deep sensibihty, variable in distribution and usually ra 
with shght meningeal reaction (5 to 20 cells per c mm of spinal fluid) an 

to 600 mg per cent of protem j j +l 

2 Les formes polynivntiques, with both motor and sensory disorders, e 
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former predominating, and abolition of refle\es, with slight meningeal reaction 
but with 2000 to 3000 mg per cent of protein This is the form described by 
Guillain and Barr6, recovery generally rapid 

3 A diffuse form, involving cranial nerves and sphincters as well as limbs, 
with motor disturbances predominating over sensory ones, and facial and ev- 
traocular palsies being the most frequent of the cranial nerve palsies, often with 
albuminooytologic dissociation ultimately This is the form described by 
Holmes and by Bfiriel , recovery usually rapid but sometimes slow and incomplete 

4 A diffuse form with concomitant disturbances of the central nervous system, 
characterized by diffuse motor disturbances, discrete alterations m superficial 
sensibility, dissociation of reflexes (some being absent and others hyperactive), 
frequent astereognosis, sphincter disturbances, and paradoxical findings in the 
motor realm (muscular atrophy and contractures of the extrapyramidal type), 
with albuminocytologic dissociation 

6 A meningeal form, of varying mtensity, with a diverse accessory motor and 
sensory symptomatology, sometimes difficult to distmguish from tuberculous 
meningitis and poliomyelitis 

Our cases differ from those of other series in that they were all fatal The dif- 
ferences m clmioal syndrome consisted not m the neural site of primary attack — 
for it could generally be demonstrated pathologically that the more proximal 
part of the spmal and/or cranial nervous system was the site of predilection — 
but m the levels of the peripheral nervous system first affected, m the sequence 
and rapidity of subsequent spread to other lower motor neurons, and in the 
degree of mvolvement of the spinal cord and brain stem Taking these factors 
into consideration, our cases fall into the groups listed in table 10 It will be 
noted that paralysis is the pivotal point of the classification, the disorder falling 
into groups predicated on site of origin and subsequent spread, and being quali- 
fied by the nature of the sensory disturbances In tlus classification, fever, 
mental disorders, sy mptoms of meningeal involvement, and the quantity of spinal 
fluid protein and cells are disregarded because it is believed that they are variables 
which are coincident to the fundamental disorder in the more proximal parts of 
the spinal and cranial nerves Involvement of the neuraxis is included m the 
classification, but whether widespread paralysis and ladicular sensory disturb- 
ances can be taken as evidence of both radicular and neuraxial involvement 
could not be decided pathologically, the anterior horn cells did not generally 
suffer to any appreciable degree and except in one instance, no changes w'ere 
detected m any of the pathw ays of the spinal cord, although admittedly the lack 
of demonstrable damage does not necessarily mean that the central nervous 
system w as not affected 

Mil SUIIJIARX AND CONCLUSIONS 

A clmical study of 50 fatal cases of a disorder referred to as Giiillain-Barrfi 
syrndrome, acute infective polymeuntis, Landrv’s paralysis, and otheiwise, con- 
firmed the impression gained from a renew of the literature that all fall into a 
single category \ irtually all the different foims of the disorder which have 
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been recognized by others are represented in our group Since pathoanatomic 
terms are inadequate appellations for the disorder, it was felt that an eponymic 
designation was necessary. Accordingly, the names of those most mdelibly 
connected with the disorder were selected to cover the group as a whole, and the 
term Landry-Guillam-Barr4 syndrome chosen Such a designation serves to 
emphasize the potentially serious natme of the disorder Taken as a whole, the 
disorder is characterized by a polyradiculoneuropathy which may begin m any 
peripheral neurons, spinal or cramal, circumscribed or widespread, may affect 
predormnantly the motor or the sensory neurons or both to the same degree, it 
may remain essentially a radicular disorder or, according to some authors, it may 
extend into the central nervous system at any pomt, and either ascend or de- 
scend, the outcome usually bemg dependent on the degiee of mvolvement of 
respiratory or cardiac nerves Changes m the amount of protein and the number 
of cells in the spmal fluid are regarded as mcidental to the disorder. 

In our series of 50 fatal cases, in which duration varied from 2 to 46 days, the 
clinical groups recognized are indicated in table 10, Systemic or local infections 
ushered in the disorder m 40 A latent period between the occurrence of pro- 
dromal symptoms and neural attack was observed in 9 of the series In only 
3 instances was there a definitely febrile course In most of the cases the dis- 
order mvolved the limbs before it became generalized in the domain of the 
cranial nerves, trunlc and intercostals Only in 3 did death occur before cramal 
nerves were implicated In 4, the disorder commenced exclusively in the 
domain of the cranial nerves The nerves of abdominal and/ or pelvic viscera 
bore the brunt of the imtial attack in 3 Ascending paralysis, starting m the 
lower limbs and affectmg segment after segment m its climb upward, was noted 
m 2, and descendmg paralysis, starting in the cranial nerves, m 2; one gams the 
impression that this number would have been greater if the patients had been 
more carefully observed Widespiead radicular distnbution of anesthesia or 
hyperalgesia was observed in 7 It is worthy of note that the mcidence and 
severity of sensoiy symptoms tended to mcrease m accordance with the duration 
of the disorder Respiratory failure, which could usually be traced to mtercostal 
paralysis, was the final event m the great majority, and in 3 circulatory failure 
was regarded as the cause of death Bronchopneumonia and pulmonary edema 
seemed to be the critical factors m some cases 

Cranial nen'^es were affected in all cases save 3 Dysphagia developed in 43 
and dysarthiia and/or aphonia in 33 Palsies of cranial nenms othei than the 
rXth and Xth occurred in the following older of frequency VHth in 25 cases, 
Vth in 14, Illd, IVth and/or Vlth in 12, and the Xllth m 10. 

Spinal fluid studies mcluded total protem determin^^C^*^ m 33, and the Pandy 
reaction in an additional 5, making a total of 38 ^^^tein was increased in 27, 
or 79 per cent of the 38 cases, the amount varying from 50 5 to 375 mg pei cent, 
and exceedmg 150 mg pei cent in only 6 A smgle sampling of total protein 
does not necessarily reflect the level of protein during the entire course, for in 4 
of our series it v as observed that protem rose fi om normal to excessive leve s 
dunng the couise of the disorder, and in 1 was imtially elevated and subsequently 
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fell to normal The o\ er-all clmical picture and the duration of the disorder m 
cases with normal spinal fluid protem differed m no essential from those m which 
it was elevated The cell content of the spmnl fluid was determined m 44 of the 
cases and varied from 0 to 1 10 cells per c mm Only in 6 cases were 20 cells per 
cmm exceeded Signs of meningeal uritation ivere observed m 6 cases, in 1 
the spmal fluid cell count n as normal and m the other 6 ranged from 7 to 25 per 
c mm In the 2 cases m ivhich the cell count was highest, namely 30 and 55 per 
c mm , no evidence of menmgeal irritation was noted Colloidal gold studies m 
22 revealed 10 m the normal range, 4 mid-zonal, and 8 of the first-zone type 
Total and differential leukocyte counts of the blood were available in 22 cases, 
excluding the 2 associated n ith infectious mononucleosis In 12 of these there 
was a relative and absolute mcrease in lymphocytes early m the course of the 
disorder, the total number vaiymg from 3,900 to 8,281 and the percentage values 
from 25 to 80 A tendency to lymphocsrtosis has, to our knowledge, not been 
previously reported as a feature of the Landry-Guillain-Barr4 syndrome 
It IS of exceedmg mterest that malignant hypertension developed during the 
course of the illness m one fifth of the cases, an observation which should lead to 
a reinvestigation of the role of the spinal roots and cranial nerves in the develop- 
ment of hypertension 

Studj of the central nervous system rexealed nothing of consequence m the 
spmal cord, btam stem, or cerebrum, aside from mild to moderate and oc- 
casionallj severe changes in anterior boms of the spinal cord and motor nuclei 
of the brain stem, which were regarded as retrograde Occasional scanty col- 
lections of penvasoidar l 3 Tnphocytes were noted in the central nervous sjstem in 
approximately one fourth of the cases, and a shght reaction in the leptomemnges 
in about one-third, both were relatively mconsequential There was little 
pathologic evidence to support the clinical impression that the morbid process 
sometimes extends into the neuraxis 

The peripheral nervous sjstem, on the other hand, was consistently af- 
fected, the lesions being concentrated in the spmal nerx es, i e , m the region w here 
the anterior and posterior roots fuse, and cxtendmg for a short distance proxi- 
mally and distally There was insufllcient material to deterinme the relative 
degree of im olvement of the peripheral nerves The studj afforded the oppor- 
tunity of determming the approximate sequence of the changes, edema during 
the first 3 or 4 days, begmning swelling and irregularity of myelm sheaths and 
axis cjhnders on the fifth, appearance of a few lymphocjrtes on the ninth and 
phagocytes on the eleventh, and Schw ann cell proliferation on the thirteenth 
The changes in myelin, axis cylinders, and Schwann sheaths were progressive, so 
that by the forty-sixth day, the maximum duration in our group, some of the 
spmal roots and peripheral ner\ es w ere devastated Lymphocytes, w hich tended 
in some cases to increase m number as time xvent on, were regarded as a part of 
the reparatne process As to correlation of the location of the pathologic find- 
ings w ith the clmical picture, it could generally be demonstrated that the anterior 
roots were solely or predominantly affected xvhen paralysis was unaccompanied 
by severe sensory disturbances, and that both antenor and posterior roots bore 
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the brunt of the attack when paralysis was associated with anesthesia, the 
lesions were of the same kmd m these two conditions, but differed in location 

The most stiilong change elsewhere was in the lungs, where bronchopneumoma, 
usually in an early stage, Avas encountered m 33 cases In no instance was frank 
mterstitial pneumonitis (“virus pneumonia”) observed Othei changes in- 
cluded mild focal myocarditis in 7, mild focal necrosis of the liver in 2, focal 
necrosis of the adrenal cortex m 1, lower nephion nephrosis m 3 and changes sug- 
gestive of this condition m an additional 5, degenerative and/or mflammatory 
changes of varymg intensity m skeletal muscle m 4, and changes suggestive of 
infectious mononucleosis in the spleen m 6 and m the lymph nodes in 1. 

No conclusive evidence regardmg the etiology of the disorder is presented, 
although the association of infectious mononucleosis has been proved in 2 cases 
and suggested m 6 of our series Virus studies carried out m 17 mstances were 
negative, and bacteriologic studies m 13 cases yielded such a diversity of or- 
ganisms that no one could be incriminated 

We wish to express our mdebtedness to Helen Knight Steward, Editor of the 
Army Institute of Pathology, for her aid in preparing this manuscript, 
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ERRATUM 

The title page preceding the contents of volume 27 m the December 1948 issue 
erroneously listed the old Editorial Board. Corrected page is reprmted opposite 



ERRATUM 

In the Februaiy 1949 issue of Medicine, Volume 28, Number 1, m the article 
entitled The Pathology of the Thymus in Myasthenia Gravis by Benjamm Castleman 
and Edgar H Norris, three figures were inadvertently transposed Corrected^they 
would appear as follows 

The photograph prmted as figure 21 is the photograph for figure 23 
The photograph prmted as figure 22 is the photograph for figure 21 
The photograph prmted as figure 23 is the photograph for figure 22 




THE ETIOLOGY OE RHEUMATIC FEVER A REVIEW OP 
THEORIES AND EVIDENCE 

Byron H Waksman, M D • 

INTRODUCTION 

Rheumatic fever, as the first cause of death between the ages of 5 and 19 years 
(291, 6G8, G78), and the cause of approximately 35 per cent of all heart disease 
(608, 678), IS a vital subject for research (Details on incidence and mortality 
are found in references 21, 237, 208, 283, 458, 460, 461, 534, 663, 668, 669, 707) 
At present it can only be classiOed as a member of a little understood gi oup of dis- 
eases which includes rheumatoid arthntis, glomerulonephritis, lupus erythema- 
tosus, periarteritis nodosa, thromboangitis obliterans, dermatomyositis, sclero- 
derma and perhaps others These have often been grouped together (38, 45, 138, 
171, 203, 340, 341, 342, 348, 369, 503, 504, 531, 538, 557) because of known in- 
stances of overlappmg and because of clinical and pathologic similarities 

The period in which the etiology of rheumatic fever has been the subject of hy- 
potheses which could be tested against facts has lasted about sixty years Prior 
to this, know ledge of rheumatic fever increased only in the clinical and patho 
logic-anatomic spheres (for histoiical reviews, consult references 184, 437) In 
the years between Sydenham’s description of rheumatic fever and chorea in 1666 
and the first microbial hypothesis in 1883, no particularly coherent etiologio hy- 
pothesis existed aside from a vague notion that all the rheumatisms were due to 
a diseased condition of the nervous system, a concept revived recently by Sper- 
ansky (587) 

Many reviews have been written about rheumatic fever As most of these 
deal, however, with work carried on in circumsonbed areas of the field or over 
limited periods, there appears to be some need for a review tracing the mam cur- 
rents of thought concerning the etiology of this disease The present review is 
an attempt to fill this need 

THE FACTOR OF INFECTION 

Before 1900, many different organisms were cultured from the blood, joint and 
pericardial exudates, heart valves, periarticular tissue and subcutaneous nodules 
of patients who had rheumatic fever Some workers found streptococci or diplo- 
cocci (396, 633, 634), others identified gram-positive spore beanng bacilli (51,396, 
624), and still others incriminated staphylococci (579) Smee the work of Poyn- 
ton and Paine (485, 486), however, the streptococci have with few exceptions 
(122, 178) held the center of the stage The first papers did not specify the types 
of streptococci isolated (284, 485), but most earlier workers found green-pro- 
ducing (90) or indifferent streptococci (40, 41, 582) or both (528, 701) Rosenow 
claimed (528, 529, 530) to be able to distmguish culturallj streptococci affecting 
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the joints from those affecting the heart More recently, Cecil and his co- 
workers (79) found, in more than half of the patients studied, blood cultures of 
what they at first thought to be an alpha streptococcus and later decided was an 
attenuated beta streptococcus, their so-called typical strain 
These findmgs did not go unopposed In 1903, Philipp (478) found negative 
blood cultures m 31 rheumatic patients Swift and Kinsella (615) showed that 
the green-producmg streptococci that they isolated from the blood or heart valves 
of 10 per cent of their patients had no constant cultural or serologic character- 
istics Dawson, Olmstead and Boots (136) using Cecil’s method found alpha 
streptococci m sterile agar tubes more than half the time Nye and Waxelbaum 
(451), who were unable to confirm Cecil’s findings, quoted evidence (379, 454) 
showmg that contamination with green streptococci occurs as readily as with 
staphylococci or diphtheroids Lichtman and Gross (367), after similar failure 
to confirm Cecil, surveyed the fallacies inherent in the study of cultures from 
matenal taken from patients with rheumatic fever They quoted Epstem and 
Kugel (173), who found streptococci m 40 per cent of normal valves, Shands 
(571), who found them in 2 of 10 Charcot jomts and in 1 joint affected with 
gonorrheal arthritis, and Menlan (414), Avho showed that organisms localize 
secondarily at any inflamed site An extensive survey, made by Callow (70) 
on the nature of the organisms m blood cultures from different diseases, showed 
definitely that cultures from patients who had rheumatic fever ivere not differ- 
ent from those taken from other patients who had respiratory diseases This 
has been confirmed by Leshe and Spence (364) Cecil has modified his state- 
ments (15), and it is now accepted, provisionally, that chaiacteristic bacteria 
cannot be isolated from the blood stream, heart or jomt tissues of rheumatic 


patients 

Efforts to demonstrate a virus appeared successful when Schlesinger and his 
co-workers (547) obtained by centrifugation of pericardial and pleural exudates 
of dead rheumatic patients suspensions of particles, which much resembled other 
viruses and were agglutinated only by serums of rheumatic patients However, 
although these findings Avere confirmed (119, 156), the disease could not be re- 
produced by mjection of a suspension mto animals (155, 157) or by injection of 
any matenals from patients Avho had rheumatic fever (15, 244, 430, 604, 678) 


Efforts by Angevme and co-Avorkers (15) to find pleuropneumonia type organ- 
isms by cultunng a vanety of rheumatic materials on special mediums, jihorio- 
allantoic membranes of chicks and so forth, failed SiA^ift and BroAvn (607), Avho 
beheved that they had found such organisms in senal transfers m mice, later 
discoveied that their organism was a natural pathogen of the mouse More 
recently, MacNeal and his associates (388, 389, 390), by injecting intrave- 
nously blood, pericardial exudates and other matenal from seA’^erely ill patients 
into rabbits, produced gross and microscopic lesions closely resembling those 
of rheumatic fever They were able to pass the supposed infectwe agent in 
bactena-free form through fifteen generations of rabbits and also to inoculate 
the chorio-allantoic membrane in hen eggs, from which the agent was recovered 
in intensified (concentrated?) form MacNeal gives credit for earher Avork of 
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this type to Andrei and R‘i\ennn (12) They, however, produced experimental 
lesions not only by using materials from rheumatic patients but also by inducing 
focal infections in animals iiith a vanety of streptococci, an unrelated technic, 
and were careful to state that the lesions were not identical with those of iheu- 
matic fever (499) Copeman (127) injected blood from a rheumatic patient into 
human volunteers in whom rheumatic symptoms, fever and an increased sedi- 
mentation rate subsequently developed Confirmation of his observations w ould 
be desirable 

Associated with the effort to demonstrate pathogenic organisms in the body 
has been the effort to show that rheumatic fever behaves ns an epidemic disease 
or is associated with epidemics of pharyngitis or tonsillitis In 1886, Haig- 
Brown (256) found that when tonsillitis developed in 345 previously healthy 
boys, heart disease subsequently appeared in 29 of them Hirsch (287) con- 
sidered rheumatic fever infectious Newsholme, with his great mass of sta- 
tistics, showed that its behaviour, seasonal, geographic and otherwise, was that 
of an epidemic disease A number of studies appeared dunng and after World 
War I (218, 219, 236, 358, 502), reporting epidemics of rheumatic fever with 
evidence of bed-to-bed infection (236) and pointmg out the parallelism of rheu- 
matic fever and infectious diseases such as tonsillitis and cerebrospinal menin- 
gitis at crowded militarj depots (218) Smeo 1930 and particularly during World 
War 11, confirmatoiy evidence has appeared (48, 230, 231, 232, 237, 337, 466, 
039, 671) Epidemics of phaiyngitis or tonsillitis in known rheumatic patients, 
followed by recrudescences of rheumatic fevei, have been studied in detail (121, 
220, 545, 576) A paper by Madsen and Kalbak (392) described the marked 
nse in mcidence of rheumatic fever following two epidemics of streptococcal 
angina spread by milk Wilson, on the other hand, was (678) and is (081) op- 
posed to the idea that rheumatic fever is infectious She analyzed data on the 
occurrence of rheumatic fever in different members of the same families to test 
the hypothesis that the disease is infectious, usmg methods of Chapin, Frost, 
Opie and others, and found no evidence that it is She pointed out that in any 
family the age of onset, generally agreed to he betw'een 5 and 10 years (140, 320, 
462, 573), IS the same for secondarymfectionsas forpnmary, in contrast to known 
infectious diseases such as measles 

The impetus to mvestigations since 1930 has been supplied by the studies of 
Coburn (95), who correlated the incidence of rheumatic fever with that of hemo- 
lytic streptococcal infections and insisted that eveiy attack of rheumatic fever 
must be preceded by such an infection, wuth an interval of two or three weeks 
He stressed the fact that rheumatic fever is rare m the tropics as are hemolytic 
streptococcal infections, is commonest m the poorer classes and has its greatest 
mcidence in the ivinter and spnng 

To take up these points individually Cobum’s origmal contention regarding 
rheumatic fever m the tropics has had to be modified considerably Those wdio 
agreed with his thesis quoted the work of Qarke (89), who showed from govern- 
ment statistics, his own experience and quoted work of others that in the true 
tropics rheumatic fe\er does not exist This conclusion has been amply con- 
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tradicted by the finding of a number of workers that rheumatic fever is not un- 
common in the tropics (25, 125, 197, 261, 267, 359, 413) Coburn and Pauh 
(105) stated that scarlet fever and, by implication, other hemolytic streptococcal 
infections are rare in the topics Yet Plummer (484) found that while only 64 6 
per cent of a series of Canadian serums contained more than 1 Washmgton unit 
of streptococcus antitoxin, 93 5 per cent of a similar series of tropical serums did, 
the mean potency of the latter being considerably higher This implies a high 
frequency of hemolytic streptococcus infection m the tropics, a conclusion that 
Plummer also supported with the results of extensive Dick testing Neverthe- 
less, rheumatic fever is less frequent m warm than in cool climates (314, 445, 
446, 464) Within the United States a marked difference in incidence exists 
between states (702) The highest mcidence is found m the mountam and Great 
Lakes regions (291 , 669) (Altitude does not appear to be a factor (662)) These 

differences aie paiticularly apparent in comparative studies earned on in Army 
and Nayy posts in various parts of the country (290, 502, 639) A study (539) 
m thiee California towns showed that the incidence of rheumatic fever was great- 
est where the year was uniformly cool T\ath Ingh precipitation and lowest m a 
warm, dry climate Further confirmation of this point has been obtained in 
studies on rheumatic children, who, after transportation to warm, dry areas like 
hliami, show a lowered mcidence of streptococcal infections and of rheumatic 
fever, though havmg the usual number of colds, bronchitis, measles and so forth 
(521 ) The reason for the effect of chmate remams in doubt The effect of artifi- 

cial warm chmate on rheumatic recurrences has been discussed by Edstrom (167) 
Rheumatic fever does have its greatest mcidence among poorer people (105, 
301, 299, 465) Periy and Roberts (476) found that the rheumatic fever in- 
cidence in Bnstol school children was associated with the density of children per 
room The Wedums (660) have made an interesting epidermologic study in 
Cincinnati, showing a definite correlation between rheumatic fever incidence and 
dwellings, crowding, persons per acre and other environmental factors On the 
other hand, Kaiser (320) and otheis (682) found the highest incidence m the well- 
to-do laboring classes Hill (286) noted that rheumatic fever is rare among the 
Eskimos, who, although subject to a severe “macroclimate”, live in a comfortable 
“microchmate” and therefore resist the disease easily 
As to the season of incidence. Cobum and Pauli (105) observed that rheumatic 
fever parallels respiratory infections "v^nth hemolytic streptococci, with its great- 
est frequency in winter and spring This has been confirmed by a number of 
reports (83, 98, 320, 411, 573) beginning as far back as those of Hirsch (287) and 
Newsholme (444) The latter showed that the incidence of rheumatic fever 
parallels scarlatma, pyemia, puerperal sepsis and erysipelas More recently 
Atwater (22) has made the same obser\mtion It is obvious, however, that a 
common seasonal mcidence does not imply a common etiology (671, 678) 

Most of the epidemiologic investigations mentioned in pre^^ous paragraphs 
were earned out vith the implicit or explicit assumption that rheumatic fever is 
associated vith upper respiratory streptococcal mfections (317, 483) What is 
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the direct evidence on this point? In 1927, Birkhaug (40, 41) and Small (582) 
isolated anhemolytic streptococci from the throats and blood of rheumatic pa- 
tients Their bactenologic results mdicated that the two organisms nore the 
same Small found that agglutinins to his organism increased dunng a rheu- 
matic attack vhile opsonins decreased He named it “Streptococcus cardio- 
arthritidis” and attempted to immunize patients passivelj against it in tho acute 
phase He claimed excellent therapeutic results although he used only 9 pa- 
tients, of whom 1 later proved to have gonorrheal arthntis and another iheu- 
matoid arthritis The later papers (583, 584), in which he described the effect 
of vaccines of this organism, did not present statistical data Criticism of his 
conclusions appeared in the Journal of the American Medical Association (705, 
706), pointing out that identical work liad been done before by Menzer (415, 
416, 417), who himself had realized (418) that the seemingly beneficial results 
obtained with immune serums were quite nonspecific, m the nature of irritation 
or protein therapy Birkhaug’s work was more productive He isolated a 
toxin from his organism which, when injected m small quantities intradermallj , 
gave a higher percentage of positive reactions among rheumatic patients than 
among controls 

Since these papers appeared, other workers (302, 666, 670) hare shown that 
the throat flora of rheumatic patients differs in no way from that of other pel sons 
Androwes, Derick and Swift (13) have shown that the hemolytic streptococci 
found there have no relation to each other culturallj oi serologically A possi- 
ble exception is piovided by the finding (378) of a high incidence of “minute” 
hemolytic streptococci in the throat in cases of acute rheumatic fever 

In contrast to these negative observations, hemolytic streptococci have been 
isolated from rheumatic patients before attacks bj most workers m the field 
(105, 106, 238, 290, 291, 606) In particular, the studies earned out at vanous 
Army posts leave no doubt on this point (98, 290, 639) The success of sul- 
fonamide compounds (24, 28, 97, 102, 103, 147, 181, 290, 356, 357, 581, 625, 
626, 693) and penicillin (394) m lowering the incidence of upper respiratory in- 
fections and rheumatic recurrences in rheumatic children, and on a much larger 
scale m the armed services, has demonstrated the importance of the hemolytic 
streptococcus at least in initiating tho rheumatic attack (for dissenting views, 
see 124, 681) The same significance may be attached to the lowering of rheu- 
matic recurrence rates by V'accination with streptococcus toxin or toxoid (150, 
656) and to the questionable beneficial effect of tonsillectomj before an attack 
(212, 214, 299, 301, 320, 321, 387) 

In spite of wedespread agreement that streptococcal infection precipitates 
rheumatic attacks, no one type of streptococcus has been successfully incrim- 
inated (639, 659) There are always rheumatic attacks not preceded by clm- 
ically or culturally demonstrable infection (46, 51, 164, 214, 320, 627) This 
may be as high ns 37 per cent (313) In an attempt to demonstrate that 
streptococcal infection must precede all rheumatic attacks, Coburn and Pauli 
(107, 110) determined the antibodies against hemoljtic streptococci and their 
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various products (see Swift (606) for a review of types of tests and methods of 
testing) They found variable agglutmins, but showed that precipitm, com- 
plement fixation and antistreptolysin-0 titers were negative in contiols and posi- 
tive in patients who had streptococcal infections oi acute rheumatic episodes 
They observed (108, 109, 110) that when a rheumatic patient had an infection 
not followed by a rheumatic exacerbation, the antistieptolysm titer failed to 
rise, and that in an attack (113), the elevation of titer paralleled the severity of 
the attack Cobum (96) found that an exacerbation dunng subsidence of an 
attack is heralded by a fall of titer followed by a rise to a new peak He pointed 
out (96) that in only 10 of 2,000 cases were the patients cluldren less than 3 
years of age (he mentioned evidence (371, 688) showing that antistreptolysin 
response is weak in patients less than 3 years of age) and that these showed high 
titers In short, he appeared to have shown that all attacks or recurrences of 
rheumatic fever are associated with a rise of the antistreptolysin-0 titer of the 
patient (98) 

Other workers failed to confirm this Though the elevated titer was usually 
observed (67, 495, 623, 629, 691, 692), almost all have reported some rheumatic 
attacks -without it, 15 of 110 attacks in one series (229), 21 per cent in another 
(440) Wilson and co-workers (687) found none in two-thirds of the attacks 
not preceded by clinical infection and frequently observed a nse of titer in the 
absence of hemolytic streptococci She faded to find any correlation between 
rheumatic attacks and antistreptolysin titers, but the high basal value which 
she used for antistreptolysm may have masked any changes Lower basal 
figures have been estabhshed by Longcope (381) and by Cobum and Pauli 
(108, 115), who showed that, though the basal value vaned considerably with 
latitude, it was always less than that chosen by Wdson As regards the remain- 
ing antibodies, Coburn’s findings have been confirmed Agglutination against 
beta streptococci was not found by some workers (411, 456, 702), was found in 
most cases by others (222, 448), and appeared m about half the patients m some 
senes (221, 329) Precipitins were usually increased (435, 546, 614, 702), even 
in patients who, after a streptococcal infection, had no rheumatic attack (548) 
Antifibrinolysm was increased (47, 254, 435, 441, 493, 594, 628, 646, 691) to the 
same degree as m normal persons after streptococcal infection (471) Increased 
titers of complement fixmg antibodies to streptococcal nucleoprotein have been 
observed (265) In short, in acute rheumatic fever, the agglutmins of the pa- 
tient agamst hemolytic streptococci usually are mcieased, and the precipitins, 
antifibnnolysms and antistreptolysm-0 frequently aie Antistreptolysm-S ap- 
parently decreases dunng the acute attack (99, 630) 

It IS apparent then that not all rheumatic attacks are preceded by a strepto- 
coccal infection The fact that sulfonamide compounds and pemcilhn are in- 
effectual when administered after the onset of an attack (124, 194, 497, 616, 
636, 658) IS additional proof that the initiating infection is not the direct cause 
of the disease but acts only by starting m motion some more complex mechanism 
This was succmctly put by Hench and collaborators (278) m 1938 : The majonty 
now consider the prodromal respiratory infections to be non-specific provoca- 
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tives ” Other types of infections may act as the initiator Copeman (126), 
studying a small group of British troops in the desert, noted that of 43 attacks 
of acute rheumatic fever, 8 -sere preceded by malaria, 7 by dysentery, 6 by sand- 
fly fever and only 4 by streptococcal infection Trauma has frequently been 
noted as the evcitmg cause of an attack (46, 216, 313, 527) Cold, dampness or 
excessive fatigue A\erc incriminated in a number of Copeman’s cases Even 
psychic trauma Ins been mentioned (78, 527) as a possible precipitating factor 
Coburn and Pauli (114) reported a series of splenectomies in rheumatic children, 
almost all followed by recrudescences of the disease AttaclvS may bo initiated 
by tonsillectomy (527), immunization with bacterial proteins or horse serum, 
sunburn, fracture or tooth extraction (98) 

Trauma itself plays a complex role, since it appeals to some extent to deter- 
mine the localization of the pathologic changes which may appear Swift (605) 
and Snift and Cohn (608) observed that rheumatic polyarthritis, xihich fre- 
quently involves the laiees and ankles 6rst, appears m needle n orkers and laun- 
dresses in the hands and arms first The> remarked that the endocardial lesions 
appear actually at a highly traumatized location, the valvular line of closure 
Edstrom (165) has demonstrated for the closely related disease, rheumatoid 
arthritis, that occupation, accidental trauma, even left-handedness may be re- 
flected m the clinical picture Tjpical rheumatic subcutaneous nodules ha\e 
been produced by Massell, Mote and Jones (397, 434) and others (266) by in- 
jecting blood or saline solution subcutaneously over the olecranon, with or with- 
out subsequent fnotion, in 90 per cent of patients who had active rheumatism, 
50 per cent of patients having only laboratory evidence of the disease, 14 per 
cent of patients w hose disease w as quiescent and 0 per cent of controls Mirsky 
(432) has done the same using subcutaneous injections of trypsin, on the hy- 
pothesis that rheumatic fever represents the action on mesenchymal tissues of 
proteinases, w hen activated in vivo by streptococcal fibnnolysins or after cellular 
damage resulting from infection, trauma or “anaphylactoid” reactions Ac- 
cordmg to this hypothesis, a susceptible person is one who does not adequately 
inhibit these proteinases 


THE FACTOR OP ALLERGY 

In 1928, Zinsser and Yu (701) reported the isolation of a variety of streptococci 
from the myocardium and spleen of rheumatic patients They suggested that 
such streptococci act as foci of infection in a hypersensitive host, rheumatic fever 
would then be an allergic manifestation They mentioned previous work of 
Zmsser and Grinnell (700) in which jomt changes were produced in sensitive 
guinea pigs by mtra-articular injection of the sensitizing organism This ex- 
perimental result was anticipated Articular and cardiac lesions strongly sug- 
gestive of rheumatic fever have been produced by anaphylactic or allergic 
methods since Cole’s work (118) in 1904 Antigens used have included living 
or dead streptococci (23, 93, 175, 243, 398, 420) and their products (284), tubercle 
bacilh (11), dysentery organisms (199), foreign serum (60, 61, 204, 210, 221 
315, 343, 380, 403, 420, 429, 640), egg albumin (315, 380, 403, 506, 507, 564),’ 
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even the animaPs o^vn tissues (305) Much the same results have been obtained 
by mjection of the antigen into the ]omts of sensitized animals (8, 9, 10, 204, 
221, 315, 640, 700), a method popularized by Klmge (347), and by repeated intra- 
venous injection of antigen (50, 118, 196, 284, 315, 403, 429, 506, 507, 520) 
Intrapericardial (23, 564) and mtratonsillar (11) mjection have also been used 
Trauma or cold applied to individual jomts were found by Edinge to precipitate 
arthritis (see discussion of alarm reaction) 

In an effort to make more precise the character of the immune response. 
Swift and his co-woikers carried out elaborate studies (14, 142, 144, 288, 609) 
on rabbits mto which vanous types of streptococci were injected mtravenously 
or mtradermally. They suggested (600) that rheumatic fever, by analogy with 
their results, might represent infection in a hypersenistive host, while bacterial 
endocarditis represented infection with the same agent in an immune host (pa- 
tients who have bactenal endocarditis are insensitive to streptococci or their 
products (297, 338) while rheumatic patients are sensitive) 

A revival of mterest (6, 7) m this type of expenmental technic has been oc- 
casioned in the last few years by the work of Rich and Gregory, who in- 
jected large doses of hoise serum or egg albumin mto rabbits either several times 
or in alternation with sulfadiazine and produced a generalized picture similar 
to that of periarteritis nodosa, with pulmonary and cardiac lesions resembhng 
those of rheumatic fever and renal lesions suggestmg glomerulonephritis (235, 
503, 505, 506, 507, 508) Rich (503) has collected chnical evidence to demon- 
strate the frequent occurrence of penaitentis nodosa in serum sickness and dui- 
mg sulfonamide therapy, and its predilection foi persons who have other aller- 
gies His expenments have been confirmed by Hopps and Wissler (294), who 
did not, however, observe the renal lesions Both groups of investigators felt 
that the ease with which they produced periarteritis nodosa, an uncommon dis- 
ease chnically, was due to the relatively large doses of allergen administered 
That this may be true is suggested by the work of Fox and Jones (196) who, using 
a different injection scheme and smaller doses of allergen, produced cardiac lesions 
and vascular and perivascular lesions m other organs, all however of very mild 
degree with no true vascular necrosis Robinson (520) using only a single laige 
injection of horse serum obtained no such lesions, but found his animals moie 
susceptible to carditis, nephritis, arthntis, and encephalitis induced by subse- 


quent injection of streptococcal filtrate 

It appears, howevei, that Aschoff (18) did not consider cardiac lesions pro- 
duced by these technics t 3 'pical for rheumatic myocarditis, and Masugi and co- 
workers (398, 403) have stated that these lesions correspond rather to those of 
periarteritis nodosa It will be noted that in unrelated types of experiments, 
such as Selye’s, the production of the picture of periarteritis nodosa is accom- 
panied bj'^ the appearance in the heart of lesions presumed to be rheumatic This 
may be an example of a tissue with a limited number of possible lesponses 
Gloss and his co-workers (243) and others (519) have suggested that both types 
of lesions are minor variations of the same response, i e of a partially immune 


host to a pathogen of low virulence 
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It has been shoiin (360) that lesions induced by this method may be largely 
or completely prevented by benadryl or other antihistamine drugs, though these 
agents do not affect the Arthus response m passively sensitized anunals (187) 
Salicylates also affect lesions of this type considerably (193, 685, 595) This 
effect IS explained variously as due to inhibition of antigen fixation m the tissues 
(595) or to decreased antibody formation secondary to the destmction of lym- 
phoid tissue by the alarm-reactmg effect of salicylates (193) (colchicine is also 
effective) Hawn and Janeway (270, 271, cf also 309), using whole bovine 
serum, pure bonne gamma globulin and crjstalline bovine albumin for single 
intravenous injections, showed that the distribution and time of appearance of 
the lesions depended on the antigen used The gamma globulin gave lesions 
largely in the glomeruli and heart, to a lesser extent in the liver and joints, while 
the albumingavewidespreadartenal involvement They believ'cd that the lesions 
depended on the combination of antibody with residual antigen m the involved 
tissues Ehrich, Forman and Seifter (169) have distinguished an immediate 
effect of the first antigen injection, a delayed reaction associated with the ap- 
pearance of antibody and reserabhng rheumatic fever a good deal, and a severe 
sudden reaction following a second injection and resembling penarteritis nodosa 
closely They consider these last two as representing a delayed or subacute 
Arthus and an acute Arthus reaction, respectively 
Birkhaug (40, 42) was the first to perform skin tests on rheumatic patients 
with a suspected allergic antigen He used the toxic filtrate of the anhemolytio 
streptococcus isolated from similar patients He later (43) made large numbers 
of tests, using filtiates of all the tjpes of streptococci, and invariably found a 
high percentage of positive reactors among rheumatic patients to the toxins of 
alpha and gamma streptococci but not to that of beta streptococci This w ork 
has been amply confirmed (111, 302, 319, 611, 678) Swift, Wilson and Todd 
(617) found a higher percentage of positive reactors among active than among 
quiescent rheumatic cases Othei workers have made similar tests using ex- 
tracts of streptococci such as the nucleoprotem fraction or the “M” proteins 
(621, 622) as antigen Although a few have found positive reactions in rheu- 
matic patients to extracts of all three types of streptococci (442, 610) and others 
have found no effect with any streptococcal extracts (212, 385), the majonty 
have found a positive reaction only to extracts of hemolytic streptococci (123, 
222, 227, 320) Similar results are reported using whole streptococci as antigen 
(213, 654) 

The non-specificity apparent in results of this type was emphasized by Short, 
Dienes and Bauer (577), who tested 102 vaccines, obtained from the throats, 
stools, teeth and so forth of 34 patients with rheumatoid arthntis, on groups of 
4 patients, including the patient from whom the organism was isolated They 
found no consistent result as to organism, Escherichia coli and Neisseria catar- 
rhahs frequently gave more marked reactions than streptococci The patient 
who reacted strongly to his owm organisms also reacted strongly to others 
Schultz (557) and Jones and Mote (312) found that iheumatic patients reacted 
to plam rabbit serum This w ould seem to mean that rheumatic patients may 



152 


BYBON H. •WAKSMAN 


be sensitive to streptococci and their products only as a phase of a general al- 
lergic hypenrntabihty Wilson and her co-workers (687) noted that rheumatic 
children average five respiratory infections for every three in normal children 
A non-specific hypenrntabihty, such as that suggested, would, m Urbach’s 
cumbersome terminology, be called “metallergy” or “polyvalent pathergy” 
(637) 

The results obtamed with vaccines and antiserums are instructive (64) The 
work of Menzer and Small on nonhemolytic streptococci has been mentioned 
Cobum and Pauli (112) were not successful m their efforts to immunize rheu- 
matic patients actively or passively against hemolytic streptococci Hench 
and his colleagues (281) noted that in the entire literature for 1939 there appeared 
no new work on vaccmes or antiserums, an indication that this field had become 
stenle Occasional papers are still pubhshed on this theme (233, 613, 655, 686) 
The interestmg fact that has come out of such work is that injection of some of 
the antigens used Avas followed by an exacerbation of s5Tnptoms (583, 584). 
Swift and co-workers (612) found this phenomenon m their tests with strep- 
tococcal vaccines or nucleoprotems and compared the effect to that of an over- 
dose of tuberculin m a tuberculous patient. Bland and Jones (46) produced 
mild recurrences of rheumatic fever by a smgle injection of typhoid and para- 
typhoid vaccine It has been shown that the effect of repeated bouts of fever 
induced by typhoid and paratyphoid vaccme in chorea is a well-marked shorten- 
ing of the attack (30, 72, 597) Furthermore pyrexia has been used (578) m the 
treatment of rheumatic fever. These results are reminiscent of the effects of 
fever or foreign protem therapy in certam allergic diseases They support the 
idea of a non-specific allergic sensitivity m rheumatic fever 

In many ways, the manifestations of rheumatic fever suggest an allergic proc- 
ess (38, 98, 365, 368, 369, 487) Talalaeff (620) has summarized the pomts 
favormg this view, absence of immunity, frequency of recurrence, sudden onset 
and relation to a precipitating illness The basic pathologic change in this 
disease, that is, fibnnoid degeneration of collagen, was considered by Gerlach 
(210), Klmge (347) and Rossle (531) to be charactenstic of allergic-hyperergic 
inflammation (637), though Klemperer and his group (340, 341), who have agreed 
to the importance of fibnnoid collagen change, have been unwilhng to accept it as 
charactenstic of any type of allergy In rheumatic families there is found a high 
incidence of climcal allergy, such as asthma, hay fever and eczema (517, 632) 
In rheumatoid arthntis, injection of streptococcal protein causes leukopenia, 
(637), much as the ingestion by allergic patients of food to which they are sensi- 
tive causes leukopema, while other bactenal proteins give leukocytosis The 
apparent similanty between rheumatic fever and tuberculosis the prototype of 
bactenal allergy, vull be recalled here (27, 412, 455) Rantz, Boisvert and 
Spink (494), after a thorough siftmg of evidence, have concluded that rheumatic 
fever is xnvariahly induced by infection with hemolytic streptococci and must 
therefoiebe a mamfestation of a general sensitivity of the tissues to some prod- 
uct necessanl}’’ common to all the different types 

One rather circumstantial bit of evidence is put forward to support the view 
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that rheumatic fever involves some allergic process Salicylates inhibit the 
precipitation of antigen by antibody to a greater degree than other similar anions 
(101), and apparently also inhibit antibody formation (293, 306, 599, 473 contra) 
They are said to decrease the seventy of anaphylactic shock (71) though not that 
of the Arthus phenomenon (187) The relief of some rheumatic conditions by 
sahcjlates (98) may result fiom these facts The arthritis of serum sickness 
may be markedly decreased in patients treated uith neocinohophen oi acetyl- 
sahcyhc acid immediately after senim therapy, this decrease being associated 
with a deciease in precipitin antibodies (143) The confusion existing in re- 
gard to the role of salicylates is evident from the fact that while sahcylates will 
reduce an elevated sedimentation rate m vitro (34, 292, 370), it has also been 
suggested (498, 651) that the lowering of the sedimentation rate m rheumatic 
fever is brought about by the decrease in fibrinogen resulting from hepatic dam- 
age known to occur during salicylate therapy In any case, sahcylates are not 
believed at piesent to affect the evolution of the permanent pathologic changes 
of rheumatic fever (264, 438, 653, 664 , 665) 

Objections to the explanation of iheuraatic fever ns a type of allergy have not 
been lacking (3, 17) Harris (262) and Sajle (542) have pointed out that the 
percentage of positive cutaneous reactions is less among rheumatic patients than 
m other streptococcal diseases and sometimes not significantly different from 
the percentage among noimals, that many streptococcal diseases, such as ery- 
sipelas, are never followed by rheumatic fever although the organism is identical 
wath other hemolytic streptococci (330), 'that slun-positive patients need not 
have a rheumatic attack after a beta streptococcal infection , and that the interval 
between the precipitating infection and the rheumatic exacerbation is almost con- 
stant instead of decreasing w ith successive attacks as m other allergies Free- 
man (198) has summarized the situation as follows “We are working in a fog 
and have as yet no clear vision The word allergy is, to my mind, not a gleam 
of sunshine brealving through, but an extra wisp of fog ” The hypothesis that 
rheumatic fever is a non-specific allergy would do away with some objections, 
but it IS apparent that something more is required for an adequate understand- 
ing of this disease 

A new hypothesis involving the immune mechanism has recently attracted 
considerable attention (336) It is suggested that rheumatic patients form anti- 
bodies against artificial antigens consistmg of denatured proteins of their own 
tissues or of tissue proteins combined as haptens with some streptococcal or 
other matenal The antibodies are capable of combimng ivitli the original 
undenatured or uncombined tissue protein, and chmcal symptoms result when- 
ever their titer is high enough to pemut their combimng noth, and damaging, 
the tissues in question (98, 518) Such a mechanism would be referred to as 
"auto-endogenous allergy” in Urbach’s classification (637) This hypothesis 
was first developed for glomerulonephritis, which resembles rheumatic fever m 
that It follows infections with streptococci and shows exacerbations The two 
diseases are frequently found together (45, 171, 310, 538), and patients who have 
glomerulonephritis gne a positive cutaneous reaction to streptococcal filtrates 
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(259) as well as to labbit serum (non-specific sensitivity) (557) The antistrep- 
tolysm-0 pursues a couise m an exacerbation of nephritis smiilar to that in a 
rheumatic attack (158, 159) (for further discussion of sunilarities and differences, 
see 563, 565) Masugi was able to produce glomerulonephritis in expenmental 
animals by the intravenous injection of serums containing antibodies against the 
animals’ own kidneys, so-called nephrotoxic serums (this was done by earlier 
workers (677), without detailed pathologic analysis). He and his associates 
proceeded to perform a similar experiment ivith cardiotoxic serums — that is, 
serums containmg antibodies against heart muscle (402) but did not use enough 
material to yield a conclusive result Yet he stated that the lesions produced 
resembled those described by Edinge (344) as characteristic of iheumatic fever 
It IS interesting that cardiotoxic serams weie studied as early as 1902 (81, 182, 
183, 536) 

Cavelti has recently produced auto-antibodies (76, 77) in rabbits and rats, 
using as immunizing antigens mixtures of their own heart muscle, skeletal muscle 
and connective tissue with streptococci or their pioducts The cardiac lesions 
appearing in those rats in which antibodies against rat heart or rat connective 
tissue developed were unfortunately not typical of rheumatic fever Similai 
inconclusive results aie reported by Bauer (31) Schultz and Rose (558), by 
incubating hemolytic stieptococci ^vith various materials, obtained what they 
called “albumin-bacterioplasma conjugates”, possibly acting as artificial anti- 
gens These reproduced the picture of rheumatic fever in experimental animals 
and gave severe cutaneous reactions, even flare-ups, in rheumatic patients 
Semms of convalescent patients decreased this toxicit}’’ It may be noted that 
these findings were not well controlled, one would expect the streptococci alone 
or such of their pioducts as might be expected to appear in these “conjugates” 
to produce similar results 

Coburn became an adherent of the auto-antibody hypothesis in 1939 He 
and Pauh (117) demonstrated that a foieign substance appeared in the blood in 
phase II (phase I is the precipitating infection, phase II the afebrile period, and, 
phase III the rheumatic attack), that a precipitin against it appeared m phase 
III, and that this precipitin appeared m all rheumatic patients during an attack 
They showed that, in rheumatic patients who were infected but did not suffer 
from an attack, the antigen in phase II was present but no antibody appeared, 
whereas m normal persons neither was present The precipitin was not absorbed 
by killed hemolytic streptococci of the strain infecting the patient and did not 
sensitize guinea pigs to anaphylaxis with these streptococci (99). Cross pre- 
cipitation was possible between all his patients, but he had a small senes and has 
not repoited further observations of this type The Wedums (661), in an 
attempt to disprove his findings, studied a number of patients with various 
illnesses including rheumatic fever, and showed that piecipitins of the same 
type could be found in several diseases but less frequently than in rheumatic 
patients This fact may have a definite relation to the observation of Hall 
and Anderson (257, 258) that rheumatic lesions can be found in most hearts. 

Cobum also prepared from livers of patients who had died of rheumatic fever. 
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but not from hvei-s of those who had died of other diseases, an unstable antigen 
which would fi\ complement with pliase III serum to a degree parallel to the 
seventy of the attack (this antigen also reacted non-specifically with serums 
of typo AB) (99) Cavelti (75), using the collodion particle agglutination 
technic and saline extracts of human heart as antigen, observed agglutination 
in 47 of 07 rheumatic serums, while m 12 normals he found none and in 84 
patients w ith other diseases he found 1 w eak and 3 doubtful positives Those 
rheumatic patients who were negative wore all well on the road to recovery 
Almost 10 years earlier, Brokman, Brill and Trendzel (54), using complement 
fixation with an antigen made of liver from a child, dead of rheumatic fever, 
obtained positive tests m 115 of 140 acute rheumatic cases, and in only 12 of 
193 controls The so-called virus particles which were agglutinated by the pa- 
tient’s own serums were probably antigens similar to those discussed here It 
is strange that so little interest has been accorded to these findings, which are 
reminiscent of early studies of the Wassermann reaction, both in results and in 
promise 

Other scattered observations are consistent with the hypothesis that formation 
of auto-antibodies underlies rheumatic fever and its congeners Green (228) 
showed that fluid from the joints of acutelj ill rheumatic patients would give a 
response resembling the Dick reaction in normal skin Autotransplantation of 
joint capsular material as a method of “desensitization” has been said (449) to 
relieve temporarily patients with rheumatoid aithritis Fnedman, IQem and 
Rosenblum (206) showed that injection into convalescent rheumatic fever pa- 
tients of their own serums, taken dunng the acute phase, produced a nse of tem- 
perature and pulse, an increase of sedimentation rate and even slight joint symp- 
toms, while similar injections into heterologous patients had no effect Coburn 
(99), by injecting scarlet fever convalescent scrums, made 2 rheumatic cluldren 
in the febnle phase worse and, in 18 in the afebrile phase, caused recurrence in 
4 These last three results may be examples of reactivation of the rheumatic 
process by injection of foieign protein, and are reminiscent of the results obtained 
in rheumatic patients wath vaccines or foreign serums Cobum also mjocted 
phase III rheumatic serums once or repeatedly mto young dogs, and observed 
marked electrocardiographic changes in several and gioss cardiac lesions (sub- 
endothehal hemorrhages) in a few (99) 

THE FACTOR OP SUSCEPTIBILm 

As early as 1841, a familial incidence of rheumatic fever was noted (33) In 
1872, Johann Steiner of Prague described a rheumatic mother, 11 of whoso 12 
children had the same illness (437) In 1880, James Goodiich described 2 rheu- 
matic parents with 5 rheumatic children (437) By 1895, Newsholme (444) was 
able to marshal considerable statistical matenal from earlier sources to show that 
rheumatic fever has a predilection for individual homes He adduced this evi- 
dence in support of the thesis that rheumatic fever is an epidemic disease In 
the last two decades, however, such observations have been interpreted as indi- 
cating a hereditary susceptibility to rheumatic fever Draper (151, 152) found 
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A genetic analysis by Wilson and her co-woikers (678, 679 680 681 682 
684, 685, 689), revealed that the susceptibility to rheumatic fever is transimtted 
as a single, autosomal lecessive factor They have expressed the opmion that 
the data of other clinicians, examined by the same statistical technic, lead to the 
same conclusion, and that previous workers have failed to take into account the 
size of the famihes studied and the number of parents or relatives havmg the 
disease 'While many accept these conclusions (98), it is often difficult in in- 
dividual studies to evaluate the relative importance of heredity and environ- 
ment, as those who have a common genetic background most frequently hve 
together and expeiience the same chmate, housing, diet, infections and other en- 
vironmental conditions A number of workers have found, in fact, that persons 
from rheumatic families have, after being separated from their famihes, no moie 
rheumatic attacks than those from nonrheumatic backgrounds (237, 239, 240) 
The most significant detail in Wilson’s studies, however, is the conclusion that 
not all individuals susceptible to rheumatic fever contract the disease Of 44 
children, both of whose parents were susceptible, only 86 per cent contracted 
rheumatic fever This proportion, called ''penetrance”, probably depends upon 
metabolic or endocrine factors as yet poorly understood A few facts are avail- 
able which may piovide a clue to the natuie of the factors concerned 
No racial gioup appears to be unusually susceptible to iheumatic fever 
Ativater (22) found a lugh incidence among negroes (461), but Ash (20) and 
others (263, 274, 592) have found a low proportion of negroes among rheumatic 
patients in hospitals containing equal numbers of negroes and whites Tins 
loiv propoition has been explained (273) as due to the recent emigration of many 
negroes m the youngei age groups— that is, those most affected by rheumatic 
fever— from the regions where these studies were conducted Among other 
racial groups, no difference m susceptibihty has been found ( 678 ) farther, no 
physical type appears to be associated with the disease (237, 678, 697). 

Most wortos (22, 53, 214, 632) fed a sl.glit preponderates 
males in their iheumatic fever studies A typical observa ion is „ 

(320), who found 54 per cent of females among 1,200 f ® ^ 

a few reports (25, 73, 83) note a highei incidence m males. Sme® 
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(680, 684) vho showed that the “risk” of lecunence after a rheumatic attack 
IS 25 per cent between the ages of 4 and 13 years, 9 per tent between 14 and 16 
years, and 4 per cent between 17 and 25 jears 
Wilson (680, 684) made another interesting observation, namely, that the nsk 
of recurrence m the year following a major episode is twice the risk of the second 
year following one and three times that of the third This is consistent wnth the 
allergic hypothesis of etiology already discussed, since manj allergies vary in 
seventy wnth the interval since the last previous evposure to the allergen In 
this connection it may be mentioned that there are strains of animals unusually 
susceptible to, or unusually resistant to, certain types of sensitization (304, 361) 
Rheumatic fever is rare among patients who have diabetes (26, 316), and the 
blood sugar has been found low m a senes of patients w ith cardiac diseases of var- 
ious types (408) Among patients who have had rheumatic fever prior to the 
onset of diabetes, a low incidence of characteristic cardiac involvement is found 
(316) A study of glucose tolerance in a senes of 58 rheumatic patients showed 
a flat curve, of the type often labelled “functional hyperinsulinism” (591) This 
finding has been challenged (554, 555) and confirmed (2) Abrahamson (2) has 
demonstrated a functional hyperinsulinism of this type m many allergic patients, 
in whom smtable diet therapy reduced both the symptoms and the hj-pennsulin- 
ism Using the same treatment m a small group of rheumatic children, he was 


able to reduce the recurrence rate to zero over a period of two years It is inter- 
esting that Schultz (553) could produce non-purulent carditis in rats and guinea 
pigs by superimposing injections of insuhn and chronic focal infection 
The thyroid is presumed to affect penetrance Exophthalmic goiter and rheu- 
matic fever are frequently found in the same patient (99, 124) The increased 
metabolic rate m hyperthyroidism may well be the determming factor Schultz 


(553) has shown that experimental carditis and arthntis produced by dietary 
means are aggravated by an increased raetabohe rate Alpem (8, 9) has in- 
creased the seventy of arthntis produced by anaphylactic methods by injecting 
thyroxine and has decreased it by thyroidectomy Yet Brown and Wasson (57) 
reported low basal metabolic rates m a group of rheumatic children Castra- 
tion does not affect expenmental anaphylactic arthntis (315) 

Coburn (99) pomted out that patients who have high blood lipid levels (preg- 
nancy , diabetes, hypothyroidism, nephrosis) are most refractory to rhenmatie 
fever Laboratory evidcMe on this point is unsatisfactory, as blood lipids m 

moTw' p below normal 

(99, 453) Cobum (99, 104) has tested his hypothesis chnically by studyme three 
groups of underprivileged children in New York City, 30 m each group The 
firet group received Its ensWry diet, the second the same diet plus large dSs 

of powdered egg yolk, and the third an excellent diet will, , B“siarp o 

The incidence of rheumatic fever in the tC l 
cent and 5 per cent respectively Of 20 rlipnm'^i 
of powdered egg yolk immediatete Xr 

1 developed a rheumatic attack the usnnl ^ teptocoocal infections, 

per 'cent Coburn could nS dupltSr u “ *7 ‘S’ 

uupiicate these results using para-anunolxs^" 
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acid reinforcement or high fat diets On the other hand, low carboh 3 ’-drate diets 
have been used by Alpern (8, 10) and by Pevsnei and co-workers (477) to reduce 
the severity of anaphylactic types of arthntis 

If penetrance is affected by other metabohc factors, the fact is not reflected 
in any of the usually performed laboratory tests The hpoids and crj^talloids 
of the blood remam normal in iheumatic fever (100, 323, 554, 556). In the urine 
during the acute phase, mdole (192) and mcreased coproporphyrm (326) have 
been found, piesumably as a result of hepatic damage accompanying an acute 
febrile episode The hemoirhagic tendency frequently present has been ascribed 
(384) to hypoprothrombmemia from the same cause In patients having acute 
choiea, there is an mcreased excitabihty of the neuro-muscular junction (74) and 
the concentrations of calcium in the serum and cerebrospinal fluid are signifi- 
cantly lower than in recovered patients and controls (652) This finding has 
prompted the therapeutic use of calcium in chorea with reputedly good results 
(439) 

The few changes knovm to occur in acute rheumatic fever can be referied 
largely to the streptococcal infection usualty precedmg or accompanying the 
attack Among these changes may be mcluded the increased leukocyte count, 
the low platelet count (657), the disappeaiance of the eosinophils (205, 611) and 
the nsing sedimentation rate (it remains normal in chorea (172)) The increased 
sedimentation rate, m turn, has been shovm to be associated with a rise of alphai 
and alphas globuhns and fibrmogen (100, 148, 535, 575, 593) The gamma glob- 
uhn parallels the rising antistreptolysin-0 titer (148, 535, 575) In a study of 
6 cases of scarlet fever (148, cf also 496, 598), the electrophoretic serum patterns 
of 3 in whom rheumatic fever developed, differed in no way from those of the 
3 in whom rheumatic fever did not develop The Weltmann serum coagulation 
reaction has also been shown to parallel alpha globuhn changes, and is found 
more frequently in the presence of clinical rheumatic activity than is an increased 
sedimentation rate (543, 544, 651). The formol-gel test seems to have httle 
direct correlation with the activity of the rheumatic process (68, 339) , and the 
so-called Mester test (419) appears to have no specificity for rheumatic fever 
(52, 128, 694) The complement m the blood of rheumatic fever patients has 
been shown by several wnrkeis (63, 96, 139, 295, 490, 549, 641) to be diminished 
during the acute phase, as it is m nephntis (250, 333, 501, 641), an observation 
usually interpreted as demonstrating the combination of antigen and anti o y 
within the orgamsm (63) However, a recent study (188) throws this point into 
doubt (255) 

THE FACTOR OF DIETARY DEFICIENCY 

The possible effects of certain dietaiy deficiencies on penetrance have been 
mentioned bnefly The dietary constituent, however, which for a num er o 
years received the greatest attention as related to the etiology o r euma ic ever 
was ascorbic acid It is discussed here as an example of the nse an ^ ° ^ 
hj^iothesis The type of evidence used to support it differed litt e a a rom 
that used in defense of currently favored hypotheses, and its demise was roug 
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about by observations quite analogous to others which can bo urged in opposition 
to many of the hypotheses of today 

In 1932, Rinehart and co-workers (509, 513, 516), induced chronic scurvy m 
guinea pigs, superimposed an infection wuth streptococci or other organisms and 
thereby produced fibnnoid changes in the periarticular tissues which resembled 
those desenbed by lOinge (344) as the essential lesion of rheumatic fever This 
finding was confirmed (510), although Aschoff (17) and other workers (551) 
believed that the lesions w ere not those of rheumatic fever The point w as made 
by Schultz (553) that duplication of the collect pathologic mechanism in an ex- 
penmental animal might yet give a pathologic picture different from that in 
human beings Rinehart pointed out that rheumatic fever is lare in the tropics 
where the average diet is high in antiscorbutic potency (523), has its greatest 
mcidence between the ages of 5 and 15 years when the vitamin C requiiement 
of children is at its greatest (177), and occurs most frequently when the supply 
of vitamin C js lowest (177) He suggested that the symptoms of early rheu- 
matic fever and latent scurvy, as desenhed by some authors, are very similar 
These facts were also consistent with the hypothesis that rheumatic fever is an 
infectious disease or secondary to an infectious disease, and thus lacked con- 
\ lotion 

In later work, Rinehart and co-workers (514, 615) found the plasma level of 
ascorbic acid in cases of acute rheumatic fe\ er to be significantly lower than in 
normal subjects or in patients who had non-rheumatic diseases This too was 
confirmed (280, 282, 489), and a low excretion of vitamin C was observed, even 
in patients receiving an ample supply of the vitamin (1, 280, 559) Increased 
capillary fragihty, presumed to be a sign of latent scurvy (more recently inter- 
preted as an indication of streptococcal toxicity (55, 134)), was found in many or 
all rheumatic children in various phases of the disease (56, 58, 470, 657) 

Rinehart abandoned his hypothesis (511) m 1943, because of the following evi- 
dence (1) Ascorbic acid blood levels are considerably decreased m a variety of 
diseases (66, 186, 520, 550), especially in the presence of fever (65, 260) (2) 

There is an inverse relationship between temperature and excretion of ascorbic 
acid (550), even electncally induced fever for two to five hours suffices to lower 
blood and urine levels markedly (131) (3) Massive doses of vitamin C failed 

to change the clinical course of rheumatic attnclvs (355, 552, 695) and were 
unsuccessful m raismg the low plasma lex el of vitamin C (552) Such doses 
caused a marked reticulocyte response m some cases (179) 

As there is some evidence that rheumatic fever may involve an abnormal ac- 
tivity of the immune mechanism, one should note that vitamin C unsaturation 
has been found m cases of urticaria (526), sensitivity to salicylates (468), and 
asthma (223) Experimentally, cutaneous sensitivity to neoarsphenamine is 
increased by vitamin C deficiency (84, 596), anaphylaxis is reported to he less 
(491) or more (586) severe in vitamin C deficient animals, the tuberculin reaction 
IS decreased in sensitized animals deficient m xntamm C (234, 488) , tissue ascorbic 
acid levels are lower in scorbutic animals when sensitized to horse serum or 
shocked anaphylactically (145), antibody production in vitamin C deficient rab- 
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bits and guinea pigs is lower than in contiols (391, 491), and ascoibic acid is 
necessary to the formation of complement (160, 161, 162) Tubeiculosis, to 
which rheumatic fever shows some analogy m its chmcal-pathologic character- 
istics, IS noted for its low levels of vitamin C in plasma and urme (82, 211, 275, 
307, 325) Furthermore, vitanun C has been reputed to be of value m the pro- 
phylaxis (406) and treatment (405) of certain types of tuberculosis Tubei- 
culosis progresses more lapidly in scoibutic ammals than m controls (234, 407) 
In the absence of more adequate information, these observations may be inter- 
preted as favormg or opposing the concept of rheumatic fever as an allergic 
disease, according to one’s mdmdual bias 

Other vitamins than ascorbic acid have leceived attention as perhaps connected 
in some way with the rheumatic process Rinehart (511, 512) has recently used 
hesperidin or vitarmn P in a small senes of patients whose rheumatism was per- 
sistently active He expiessed the opimon that the clmical improvement ob- 
served warrants further investigation Low plasma levels of vitamin A have 
been observed in rheumatic patients (282, 489, 572), but no curative effect has 
resulted from large doses of A, B, or D (308, 355) Deficiencies m these sub- 
stances also result m deficient immune responses (433) (see Werlonan (667) foi 
opposed ^ew) Pevsner and his co-workers (477), who look on rheumatic fever 
as a fonn of anaphylaxis, have shown, using horse serum in dogs and rats, that 
a high carbohydrate diet increased the mtensity of the Arthus reaction while a 
vitamin D deficient diet caused it to disappear A few papers appear from time 
to time reportmg excellent therapeutic results lu rheumatic fever from some 
specific diet (560, 642, cf 366), often with rather obscure rationale Dvorak 
used Autanun D 2 , reasonmg from the formal chemical relationship of digitalis 
glucosides to antirachitic vitamins that the rheumatic heart mjury must be 
due to the effect of an unknown inflammation on a calcium-poor substrate 
(154) 

It IS difficult to evaluate the role m rheumatic fever of such a complex of factors 
as the average diet Yet there remains good evidence (see also the preceding 
section) that dietary inadequacies may affect the penetrance or incidence of 
rheumatic fever (303) This evidence has been reviewed by Peete (467), who 
pomted out the low mcidence of this disease m people vho eat fish oils and high 
protem diets and m farm states as compared with industnal or cotton and to- 
bacco states He reviewed the by now well-recognized relation of both rheu- 
matic fever and diet to chmate, season, geography, age and other factors. 
fortunately, dietary madequacies, shown m almost every epidemiologic study to 
be correlated with the incidence of rheumatic fever, are also correlated with poor 
housing and clothing, low economic status, crowding and deficient hj’’giene, 
conditions which may affect penetrance m other ways 

HYABURONIDASE AND HYALURONIC ACID 

A good deal of attention has centered lately on hyaluronic acid and the various 
enzymes that act on it, knowm collectively as hyaluronidase (for a recent 
see 422), Hyaluronic acid is a mucopolysacchande ivhich has been isolate 
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from skm, synovial fluid, mesenchymal tumors, vitreous humor and umbilical 
cord, and which is suspected of being an important constituent of the amorphous 
ground substance of connective tissue (289, 421, 422, 423, 424, 425, 703) It 
has been extensively studied by Meyer and his group, and is better understood 
than other perhaps equally important mucopolysaccharides (421, 703h) Yet 
certain details of its structure remain in considerable doubt, it is not even known 
upon what linkages the various hyaluromdascs act, nor to what breakdown 
products they give rise (703h) These substances are m most cases apparently 
mixtures of several enzymes, and have different actions on different substrates 
(425, 703) They may be obtained from streptococci, staphylococci, pneu- 
mococci, 01 Clostridium ivelchii, from testicular tissue, or from certain other 
tissues such as aqueous humor (424, 425, 480, 703j) Tliey do not affect col- 
lagen (Gross in discussion, 703e) 

The interest of these substances for the student of rheumatic fever is based on 
four facts hyaluronic acid is an important constituent of the connective tissue, 
the seat of the rheumatic process, hemolytic streptococci produce hyaluronic 
acid and hyaluronidase, hyaluronidase causes in the skin of rheumatic patients 
spreading reactions which may be inhibited by salicylates, and finally hyaluronic 
acid raises the sedimentation rate in vivo and in vitro, whereas hyaluronidase 
lowers it, even in iheumatic patients (704) 

The presence of hyaluronic acid m the connective tissue, far from being an es- 
tablished fact, IS not known at present from any direct evidence (422, 703h) It 
has been inferred fiom the spreading activity of hyaluronidase (discussed later 
in this section) and from the presence of metachromatic staining material 
tliioughout the connective tissue (423, 703a, 703h) This staining reaction is 
given by each of the mucopolysacchandes (421) If it is abolished by treating 
tissue with hyaluronidase before the stain is applied, one may conjecture that the 
stamed matenal is hyaluronic acid However, testicular hyaluronidase also 
depolymerizes chondioitin sulfate, which may therefore be mistaken for hyalu- 
ronic acid by the use of this method Bunting has shown (703a) that in synovial 
fluid and Wharton’s jelly, the metachromasia is removed by both testicular and 
streptococcal hyaluronidase, whereas m a number of connective tissues, only 
testicular enzyme will affect it Of the tissues from which hyaluronic acid has 
actually been isolated, namely the skm, umbilical cord, synovial fluid, and vit- 
reous humor, only the skm is mvolved in the rheumatic process The hyaluronic 
acid m synoxial fluid has been shown (423, 428, Ragan in 704, Ropes in 
704, 703i) to be considerably depolymenzed m rheumatoid arthritis Ragan 
and Meyer (704, 703i) choose to look upon the joint space as an interfibrillar 
connective tissue space, and view this change in the synovial hyaluronic acid ns 
evidence of an abnormality of the ground substance m other regions of the con- 
nective tissue 

The production of hyaluronidase by streptococci is also an argument of less 
strength than appears at first Although under appropriate conditions most 
group A hemolytic streptococci will produce hyaluronidase (703j), it is usually 
uncncapsulated (130, 561, 502) organisms that do so (smee the capsule consists 
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of hyaluronic acid (480, 481, 482)) On the other hand, the streptococci in- 
volved in the mfections preceding rheumatic exacerbations are usually encap- 
sulated and vimlent (483) ICuttner obseived an outbreak of sore throat due to 
tj'pe 4 streptococci (types 4 and 22 are the only types commonly producing 
hj'-aluromdase in large quantities) m a home for rheumatic children, with no 
consequent rheumatic reciudescences (quoted in 428, and 703i) Streptococci 
of gioup C, which also produce this enzyme, as well as hyaluronic acid (428, 561), 
are hlcewise not implicated m the disease Hjmluronidase may even be used to 
combat infections with virulent organisms (327, 533, 404 contra) It should be 
emphasized that the peak of the streptococcal attack is the time when the indi- 
vidual IS exposed to the greatest amounts of hyaluronidase, yet it does not co- 
incide with the peak of the iheumatic attack, which may follow it by several 
weeks 

With these considerations in mind, one must accept with caution any hy- 
pothesis based on the stud}'^ of substances inhumanserum which will inhibithyalu- 
romdase (153, 207, 217, 251, 289, 404, 703c, 703d, 703f) It is important to dis- 
tinguish in any particular study whether testicular or streptococcal hyaluronidase 
was used, smce there are two different inhibitors, which differ considerably in 
their properties The mhibitor of testicular hyaluronidase is heat labile and ap- 
pears in the albumin fraction of serum (217, Hams in discussion, 703) The 
othei IS found among the gamma globulms and is stable at 56°C (703c, 703d, 
205a) The former was named by Haas antinvasin I (he also described a pro- 
invasin I and antmvasin II) (251, 252, 253) McClean (404) and Haas (251) 
found tins mhibitor m serums of many animal species, Hobby et al (289) con- 
cluded that it was not an antibody Kinetic studies of its reaction with bovine 
f testicular hyaluronidase did not support the suggestion that it is an enzyme 
(422, 703c), though magnesium was necessary for its activity (Meyer states 
that no magnesium is required if perfectly pure hyaluronic acid is used as a 
test substrate (discussion, 703) Both Haas and Dorfman have found this 
inhibitoi decreased in the serums of patients with acute rheumatic fever, as well 
as m other diseases (251) The latter advances the hypothesis that the strepto- 
coccal infection, bj'’ intioducing considerable hyaluronic acid into the patients 
tissue, stimulates the production of his own hyaluronidases or the lowering of 
his in^bitor levels to permit greater hyaluronidase activity, even perhaps in t e 

connective tissue , 

The mhibitor to streptococcal hyaluronidase, on the other hand, is mcrease 
in rheumatic fever Friou and Wenner (207), Friou and Qumn (703 ) 

Hams (265a) have found it increased to a smnlar or greater degree than that 
in the blood of patients who recently have had scarlet fever It reac es i s 
maximum in 2 to 4 weeks after the onset of the streptococcal m ec ion, u 
is not present m eveiy rheumatic case (Fnou m discussion, 703) ^ 1 

piove to be another in the long list of antibodies to streptococca pro uc s 
is not effective against the hyaluronidases produced by streptococci o groups 
B, C, or D Both this and the inhibitor of testiculai hyaluromdase were^shovm 
by suitable controls not to be identical with salicylate Hechter sta es a e 
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inhibitor is ineffective m preventing spreading activity, at least in the case of 
testicular hyaluronidase (discussion, 703) 

Hyaluromdase has long been identified as a so called “spreading factor” (153, 
289, 423, 424) Houever, the spreading activity of a particular substance has 
been shown by Hechter (703g) to depend on the local intercellular pressure as 
influenced both by the volume injected and the amount of local edema fluid, if 
the substance is an agent damaging to capillaries An understanding of this 
point IS necessary for a proper interpretation of the findings of Guerra (246, 247, 
248, 249) He found that the spreading of India mlc when injected with hy- 
aluronidase into rabbit or normal human skin could be inhibited from 57 to 66 
per cent by oral or intravenous administration of salicylates In the skin of 
iheumatic patients, the mk spread widely This spread w'as inhibited by sali- 
cylates Ragan and Harris (discussion, 703) both state that they have been 
unable to confirm this observation Guerra obtained a similar result in a normal 
individual 

The effect of salicylates on spreading due to hyaluronidase is interesting and 
suggestive, and has been amply confirmed (428, 703i, 703j) Yet the concen- 
tration necessary in vitro to inhibit the enzyme is such as to denature proteins 
(427, 428) On the other hand, gentisic acid, a metabolic product Of salicylic 
acid, will inhibit hyaluronidase in low concentrations in vitro while actmg as a 
powerful antirheumatic agent in vivo (427, 428) A further oxidation product, 
oarboxy-p-benzoquinono (382) is also said to bo effective in vitro Meyer states 
that an oxidation product rather than pure gentisic acid is the effective agent 
and that a vanety of related quinones and hydroquinones hav e the same type 
of inhibitory activity (discussion, 703) It is pointed out by Hechter that 
available information makes it impossible to judge to what degree the effects on 
spreadmg of these various substances is dependent on actual inhibition of 
hyaluronidase rather than on other mechanisms, such for example as an effect on 
interstitial fluid content (discussion, 703) 

As for the last of the four points, the increased sedimentation rate, produced by 
hyaluronic acid preparations, has been shown by Ragan (422) to be associated 
with spherocytosis, which does not exist in rheumatic fever, and the ability of 
hyaluronidase to lower the elevated rate does not depend on its abihty to split 
hyaluronic acid (422, Meyer in 704) A vanety of macromolecular materials 
can elevate the sedimentation rate, as for example gelatin, agar and pneu- 
mococcus III polysacohande (699, 704) Youngner and Altshuler (098) ex- 
amined the blood of a number of patients with rheumatic fever, rheumatoid 
arthntis, lupus erythematosus, tuberculosis and Hodgkin’s disease and showed 
that there was no hyaluronic acid in the blood to account for the increased 
sedimentation rate 

A speculative point is the possibility that during the initiating infection the 
hyaluronic acid m the capsule of the invading streptococci may act as a hapten, 
much as do pneumococcus poRsacchandes, and may give nse to formation in 
the patients of antibodies to hyaluronic acid, a constituent of their own tissues 
Schultz and Rose (558) have produced particularly potent “bactenoplasma 
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conjugates” using umbilical cord extract and hemolytic streptococci Yet as far 
as IS known, hyalui onic acid is not antigenic alone and does not act as a hapten in 
experimental infections ivith mucoid hemolytic streptococci (334, 561, 374 
contia) A material produced by coupling hyaluronic acid to horse serum al- 
bumm was not antigenic in rabbits (298) 

Tins discussion should be concluded by calling attention to the existence of 
other connective tissue constituents which have been almost forgotten in the 
enthusiasm surrounding the recent work on hyaluronic acid and its enzymes 
(340) Chondroitin sulfate (421, 423) and collagen (324, 354) are substances 
about whose presence m the involved tissue there is httle doubt Elastin, 
leticulin, and other less well understood materials likewise are present in connec- 
tive tissue Collagen is now receivmg some attention as a possible participant 
m the disease process of rheumatic fever (Gross in 704 and 703e) There is 
available for purposes of study an enzyme which attacks it (174, 452) In the 
only study of its antigenicity Icnown to the reviewer, ivhole rat tail tendon, 
which contains many other substances, was used as the antigen (377) Gelatm, 
its denafcuiation product, is not antigenic (590) Chondroitin sulfate, which, as 
Meyer suggests, may act as the cement substance between connective tissue 
fibrils (421, 423), easily forms complexes with proteins (423), in which form it 
appears to exist normally (703h) Its antigenicity has not been studied It is 
hydrolyzed by certain hyaluronidases (428, 703h) The capillary cement sub- 
stance has hardly been studied, though of primary importance in all questions 
concerning connective tissue Chambers and Zweifach (703b) have shown that 
testicular hyaluromdase does not affect this mateiial though it apparently does 
weaken the capillaiy wall 


OTHER FACTORS 

Speransky and others (224, 587) have adduced evidence to show that rheumatic 
fever, like many other diseases, though showing manifestations usually accepted 
as inflammatory, is part of a generahzed neurodystrophic process This hy- 
pothesis was applied to rheumatic fever because no specific etiologic agent had 
been found and also because the sequence of appearance of the successive in- 
volvements of joints suggested the spread, at first segmentaiy and later 
ahzed, of Icnown clinical and experimental neurodystrophies Lichtwitz (3 ), 

in the United States, was impressed by the same type of endence Sperans cy 
obtained reputedly good therapeutic results by use of his spinal pumping nie o 
simultaneous vath oial salicylate theiapy This finding has been con rme 
by Gillman and GiUman (215), but it should be noted that both groups ot work- 
ers mixed cases of rheumatoid arthritis and cases of rheumatic 
crimmately Non-specific peripheral vascular effects were observe ^ ® 

pumping, which probably caused the clmical improvement claime ( , 

Unilateral sympathectomy causes marked changes in the character o expen 
mentally induced arthritis (8, 9) 

Another technic has been developed by Selye and his associates ( > > 

in exTieriraental animals sensitized by high salt intake and unilateral nephrectomy 
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and given doses of adrenal cortical hormone or pituitary corticotrophm, or 
exposed to cold or some other damaging agent Many of these ammals allowed 
migrating polyaithritis (469) resembling rheumatic fever and later developed 
permanent joint damage suggestive of rheumatoid arthritis Lesions resembling 
periarteritis nodosa, rheumatic fever in the heart and malignant nephrosclerosis 
have been reported There is no need here to discuss Selye’s work (5G5) in 
detail, with its new nomenclature which contains dcsonptive terms such as 
“adaptation syndrome”, “alarm reaction”, “stage of resistance”, “stage of 
exhaustion” “‘catabolic impulse”, and so forth It is postulated that damaging 
agents stimulate pituitary production of corticotrophm, which m turn stimulates 
the adrenal cortex Some of the changes observed can be shown to depend on 
one or the other of these two secretions Step one of the process is influenced 
markedly by protein intake, step two by salt (149, 272, 509) The etiologic 
hypothesis suggested by these observations would make rheumatic fever an 
example of the alarm reaction followmgvanousprecipitatmgevents Itremams 
to be explained why not all individuals respond in this manner to such events 
On the other hand this hypothesis is consistent with the observation that a 
vanoty of events such as, infection, cold, trauma and fatigue, may precipitate 
rheumatic attacks 

It IS also possible that adrenal cortical secretion, which is said (85, 672, 29G 
contra) to have a marked enhancing effect on antibody production, may raise 
the titre of auto-antibodies usually present at too low a level to damage tissue 

THE CmTEniA OF RHEUMATIC FE ER 

Tor a more comprehensive understandmg of the present status of research on 
rheumatic fever, it is necessary to consider bnefly the relationship between the 
morphologic changes m rheumatic fever, those m other diseases, and those 
induced by vanous means in experimental animals Because the chnical picture 
of rheumatic fever is so frequently mdeterminate, many efforts have been made 
to determine some laboratory finding characteristic of the disease (see the dis- 
cussion of sedimentation rate, Weltmann reaction, Mester test, fonnol-gel test, 
and other blood changes) The only well-defined characteristic of rheumatic 
fever is its pathologic picture 

There are many excellent review a descnbing the histologic changes of rheumatic 
fever (227, 241, 242, 618, 619, 643, 34G) A most thorough study of Aschoff 
bodies m their relation to the disease process was earned out by Gross and 
Ehrhch (241, 242) They classified the lesions on the basis of the appearance and 
distribution of the collagen, the argentophihe reticulum fibers, the cell nuclei, and 
their cytoplasms, into seven types Each was specific and each occupied a 
definite position m the life cycle of the lesion Although they felt that no smglo 
component of the Aschoff body was sufficiently cKaractenstic to identify the 
lesion, the combmation of swollen and fragmented coUagen, a basket-hke 
argentophihe network, polymorphous cells with ragged edges, giant cells of the 
specific type described, and 
large owl eyed nuclei sufficed 


va^ymg proportions of pyknotic, fibrocytoid, and 
to distinguish this lesion from that of other diseases 
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Other outstanding studies of the Aschoff body have been made by Clawson 
(91), Talalaeff (618, 619), Graff (226), Von Glahn (643), and others (62, 537). 
Klinge (345, 346, 347) is regarded by many as the definitive student of the pathol- 
ogy of this disease. The lesions have been described as occurring not only 
throughout the heart and great vessels (62, 537), but also throughout the body 
(110, 345, 353, 601, 602, 603, 604, 643), even in the central neivous system (59, 
225, 335, 643) and skin (331, 383) 

The real disagreement, however, has concerned not so much the complete 
Aschoff body as the primary change ivhich is believed to precede it Von Glahn 
and Pappenheimer (644) expressed the behef that the pnmary lesion, like the 
lesions of periarteritis nodosa, is in the walls of blood vessels Iflinge (344) 
found that the lesions began with a fibrinoid degeneration of collagenous connec- 
tive tissue Masugi and co-workers (403) thought that the proliferative lesion 
appeared frequently without any evident piecedmg fibrinoid change Aschoff 
(17) beheves that the importance of collagen necrosis as the pnmary change is 
exaggerated by Klinge and his school In Coburn’s opinion (98), the rheumatic 
process mvolves primarily the mucoprotein cement substance of blood vessels 
aUd secondarily the endothelial and subendothehal cells and the collagen, the 
proliferative change would be tertiary This disagreement is particularly im- 
portant because few lesions produced in experimental animals have resembled 
the full-bloivn Aschoff nodule as described by Gross and Ehrlich (241) More 
often they have consisted of collagen necrosis followed by relatively non-specific 
cellular proliferations It is doubtful (62, 242, 340, 519, Klempeier in 704) 
whether collagen necrosis alone is specific to a degree justifying the claim that 
such lesions are those of rheumatic fever, since it is found in unrelated diseases 
(840, 341, 691) 

There is also disagreement regarding the ongin of the Aschoff cells, some 
maintaining that they are denved from histiocytes (91), others that they are 
modified ‘'Anitschkow” myocytes (92), still others that these myocytes are a 
local variety of histiocyte (170) The lesponsible cell outside the heait has been 
studied in vitro with vital stains (409) In the cellular content of various 
exudates (410) and transudates, evidence has been found to justify including 
rheumatic fever with others of Bergstrand’s “allergic granuloma” group (673) 

The Aschoff body may not be as specific for rheumatic fever (403, 540) as is 
thought. It has been found in cases of infectious diseases (91), scarlet fever an 
tuberculosis (400, 401, 403) Masugi and co-Avorkers (400, 436) found a frequent 
association between rheumatic fever and tuberculosis and thought t at ley 
could demonstrate all gradations between the tubercle and the Aschoff o y. 
Yet the incidence of positive tuberculin reactivity is the same m r euma ic 
patients as m normal persons (166, 459) In this connection, erythema no 
(376, 580) Avas originally crasideied a manifestation of rheumatic fever 
It noAv appears that there is httle basis (283, 331, 474) for this assump ion, 
Wallgren (648, 649) concluded that this disease is associated Avith eitUer rneu- 
matic fevei or tuberculosis Spmk (589), using beta stieptococcus nuc eopro ein 
in some cases and tuberculm in others for intradermal mjection, was a e o 
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produce m patients with erythema nodosum the typical lesions of that disease 
Erythema nodosum is also found (176) with coccidioidomycosis, a disease closely 
analogous to tuberculosis Barber (27) has attempted to show how the cu- 
taneous manifestations of rheumatic fever resemble, point by point, the corre- 
sponding, presumably allergic, cutaneous manifestations of tuberculosis The 
behaviour of the eosinophils and the sedimentation rate m tuberculosis is much 
like that m rheumatic fever (39, 202), and some workers (375) actually consider 
rheumatic fever to be a manifestation of tuberculosis The importance of these 
observations lies m the analogy which appears to exist between the two diseases 
(461) and which becomes understandable m terms of the hypothesis of allergy in 
rheumatic fever 

The cutaneous and articular lesions of rheumatic fever were thought by Klinge 
and Grzimck (348) to be sufficiently like those of rheumatoid aithntis to justify 
calling them the same disease This opinion w as substantiated by Daw son (135) 
and by Fisher (191), but has been opposed by Collins (120) and by others (17, 18, 
19, 37), who found different histologic sequences m the two types of lesions 
Dawson and Tyson (138) collected a mass of data supporting the idea that the 
two diseases are closely related to each other, if not the same process in different 
age groups They pointed out that rheumatoid aithntis appears to be hereditary 
and that rheumatic fovei frequently occuis in families in which rheumatoid 
arthntis is also present (14 per cent m their senes and 32 per cent in that of 
Coates (94)) They mentioned that rheumatoid aithntis is laro m the tropics 
(88), that It frequently follows respiratory infections winch having a maximal 
incidence in Maich, and that oaiditis does occur, especially in cases with an eaily 
onset 

It has been noted that rheumato d arthritis and rheumatic fever appear to- 
gether in certain families (103, 168) Apparently streptococcal and other infec- 
tions precipitate attacks of this disease (164) Trauma also has an analogous 
role (165, 168) Cecil and co-workers (80) isolated from the joints and blood of 
rheumatoid arthntic patients organisms similar to those that he had found m 
rheumatic fever It is generally agreed that agglutinins to hemolytic strep- 
tococci are increased in this disease (15, 67, 137, 411, 447, 047), whereas anti- 
fibrinolysm and antistreptolysin lemam normal (44, 67, 411, 441, 472, 702) 
This antibody picture is explained by the fact that rheumatoid arthntis is a 
chronic disease Dawson and Tyson’s argument concerning age is weakened 
by the occurrence of rheumatoid arthntis in childhood (129, 168) and the not 
infrequent occurrence of rheumatic fever m old age (132, 140, 141) Adult 
imigrants from Puerto Rico to New York acquire typical childhood rheumatic 
fever (138) On the other hand, cases intermediate between the tw'o diseases 
have been described (146, 168) Chronic joint changes ha\ e been obsen ed (98, 
189, 201) to follow typical rheumatic fever In fact it is customary in some 
European countries to considei that all intermediate giadations exist clinically 

Convincing evidence is pronded bj studies of heart disease in rheumatoid 
arthritis (16, 31, 36, 37, 87, 129, 168, 180, 185, 190, 208, 245, 283, 492, 522, 524, 
696) One senes of 38 cases of rheumatoid arthntis in which autopsy w as per- 
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formed mcluded 25 cases (65 8 per cent) with typical rheumatic heart lesions 
(696) Kahlmeter (318), studied 65 cases of acute rheumatic fevei, 106 of 
subacute rheumatic fever, 37 of secondary chionic arthritis (what we would call 
acute or subacute rheumatoid arthritis), and 48 of primary chronic arthritis 
He found clmical and electrocardiogiaphic changes in the second and third 
groups quite comparable with the first, while the primary chronic arthritis had 
no more lesions than infectious disease controls Hench and co-workers (525) 
at the Mayo Chnic, however, studying 147 cases of proved rheumatoid arthntis 
and 100 controls by auscultation, blood pressure measurement, roentgenograms 
and electrocardiography (using Katz’s liberal standards for normal), found no 
difference between the two groups, m spite of the fact, established by several 
groups of workers, that 26 to 65 per cent of such patients are found postmortem 
to have typical rheumatic cardiac lesions 

These findings are countered by an mteresting observation of Hall and Ander- 
son (257, 258) and confirmed by Karsner (258), that microscopic stigmata of 
rheumatic heart disease (vascular changes, fibrinoid swelling, Aschoff nodules 
and interstitial mfiltration) are present in approximately 90 per cent of sup- 
posedly normal hearts They interpreted these as allergic hyperergic re- 
sponses m relatively immune peisons to the “virus” of rheumatic fever — ^be it 
recurrent upper respiratory infection or streptococcal mfection — comparable to 
the widespread immunities to tuberculosis and pohomyelitis This is m keeping 
wth Mallory and Keefer’s finding (395) that the heaits of patients dying of 
various types of streptococcal infection show focal changes, possibly related to 
Aschoff nodules It is believed by Hench and his colleagues (283) that the 
lesions observed by Hall and Anderson are “non-specific tissue responses to 
various insults, not necessarily to the ‘rheumatic virus’ ” Another suggestive 
observation is that of Kaiser (322), who described a common clmical syndrome 
resembhng rheumatic fever but easily cured, having few recurrences and in- 
frequent sequelae Watson and colleagues (659) showed that m a certain number 
of cases of scarlet fever, while sjmptoms are not apparent during convalescence, 
electrocardiographic changes develop comparable to those appearmg in patients 
who have rheumatic fever If the cases thus described are accepted as consti- 
tuting a climcal entity, there appears to exist a complete “spectrum” of illnesses 
of the rheumatic or rheumatoid type, ranging from asymptomatic cases or those 
with mild “growmgpams” (269), anorexia, fatigue, pallor, irritability, headache, 
abdominal symptoms and slight fever, at one extreme to severe, cripplmg r eu 
matoid arthntis of msidious onset at the other Possibly all are manifestations 
of the same fundamental disturbance mth modifications imposed by as ye 
unknown factors It is suggested that differences result fiom differences in t e 
antigens concerned (650) 

Other diseases too have been identified wuth rheumatic fever e sugges ion 
that theie might be a connection between it and periarteritis no osa was con 
sidered by Spiegel (588) and by Friedberg and Gross (203) Tins pom as een 
emphasized by Rich (504) Friedberg and Gross concluded that le 
lesions of the two diseases weie not the same (confirmed by Masugi an si asi 
(399)) but that their fiequent association might explain occasional cases ot 
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abdominal rheumatic fever, such as those of Langmann (361) It is interesting 
to note that several of the eviienmental techmes for inducing rheumatic fever 
m animals produce changes which resemble periarteritis nodosa In regard to 
subacute bacterial endocarditis, which resembles the lesions obtained by early 
experimenters with mtiavenous injections of streptococci. Von Glahn and 
Pappenheimer (646), and Masugi and Isibasi (399) have shown that the strep- 
tococci implant on the lesions of rheumatic fever 

There is little need to re emphasize the dangers of drawing conclusions from 
animal experiments alone Several methods have been supposed by their 
proponents to produce lesions in animals w'hich resemble those of rheumatic 
fever As early as 1884, LoefHer (372) induced suppurative arthntis in 9 of 12 
rabbits by intravenous injection of streptococci obtained from patients with 
scarlet fever or diphthena In 1898, Triboulet and Coyon (634) produced imtral 
endocarditis m rabbits wnth diplococci isolated fiom patients who had rheumatic 
fever In 1904, Cole (118) and Harms (262) showed that any streptococcus 
would cause joint lesions m expenmental animals In 1921, Topley and Weir 
(631) described these lesions and distinguished them carefully from those of 
rheumatic fever Yet several papers have appeared since (80, 84, 93, 582), 
which claim the production of rheumatic lesions by injection of orgamsms 
obtained from rheumatic patients 

The allergic or anaphylactic technic, already described, has given a pathologic 
picture considerably closer to that of rheumatic fever The changes produced by 
focal infections w itli relatively avirulent streptococci (12, 393, 398, 700), including 
those produced bj Rinehart’s technic (509, 513, 553), would seem to belong in 
this category In 1936, Vacirca (638), examined all the methods in vogue (393) 
for the experimental production of “rheumatic fever” and controlled his findings 
with slides obtained from Aschoff, Fahr, and Graff He concluded that rheu- 
matic fever had jet to be duplicated, that arthropliilic streptococci did not 
exist, and that the monocj tic histiocytic nodule produced by “allergic” methods 
could also be produced in other ways and was not exclusively rheumatic It is 
difficult at this point to classify the lesions obtained by MacNeal and co-workers 
(388, 389, 390) and by Selyo and cowoikers (508, 570) There are some in- 
vestigators (519, 200) who are unwilling to label the lesions which they have 
obtained expenmentally as rheumatic fever It is necessary to remember that 
any colloidal material given intravenously m largo quantities causes a cellular 
response m various organs not too dissimilar from the lesions under discussion 
(450) Tlie picture is complicated by the fact that cardiac and vascular lesions 
resembling those of rheumatic fever are reported to occur spontaneously in 
rabbits, rats, and mice (195, 300, 362, 373, 431, 074, 675) Perhaps the true 
pathologic mechanism has been duplicated bj one of the procedures described, 
it appears that the pathologic picture has not (17, 043) 

SUMMARY AND CONCEUSIONS 

Susceptibility to rheumatic fever is a hereditary factor, though the same 
pathologic process seems to take place to a limited extent m many normal 
persons The frequency w ith w hich susceptible individuals contract rheumatic 
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fever, the so-called penetrance, is influenced both by internal factois such as 
Sex, age, pregnancy, diabetes and thyroid disease, and perhaps others as yet 
undetermined, and by external factors such as chmate and diet 
Pathologic similarities and overlapping heredity and incidence suggest similar 
defects in rheumatic fever, rheumatoid arthritis, periarteritis nodosa and glomer- 
ulonephritis This suggestion is confirmed by the simultaneous production 
in one ammal of what appear to be two or even three of these diseases by one 
experimental technic 

Rheumatic patients show a marked non-specific hypenrntabihty to most 
stimuh Attacks of rheumatic fever are usually precipitated by streptococcal 
throat infections, though trauma, cold and fatigue may also initiate attacks 
'V\Tiat process is set in motion by these various events is not known, it may be the 
adaptation syndrome of Selye, a non-specific allergic response, an increasing 
titei of auto-antibodies against some constituent of connective tissue or even the 
reactivation of a latent \urus infection The second and third of these alterna- 
tives are stiongly supported by a number of obsenmtions 
There is no evidence that hyaluromdase plays a role in the pathogenesis of 
rheumatic fever, but hyaluromc acid may 

The chmcal pattern of iheumatic fever may depend on such factors as trauma, 
environment, previous rheumatic history, and conceivably nervous reflex 
patterns 

No measurable change has been foimd in rheumatic fever, to serve as a diag- 
nostic tool and as a startmg point for research, except for postmortem histologic 
changes 
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"New Yorh City 

INTRODUCTION 

In this paper, the third of a senes dealing wth the problem of puhnonary 
insufficiency, various types of pulmonary dysfunction observed in chronic pulmo- 
nary emphysema are desenbed and discussed 

Some of the physiological disturbances resulting from the development of 
chronic pulmonary emphj sema have been studied m ^ limited number of in- 
vestigations during the past tuenty years Loeschcke *^(l) and ChriMe (2) 
emphasized the mechanical aspects of the disease, pointing out respectively the 
role of chest deformity and of the loss of lung elasticity demonstrated by intra- 
pleural pressure measurements, in reducing the efficiency of respiratory move- 
ments A maior contnbution to the study of pulmonary function in emphysema 
Mas made by Knibning in 1932 (3,^!fi ^^This author and his school considered 
the various mechanisms causmg a reduction in arterial blood Oj saturation He 
described two mam causes of artenal anoxemia 1) the hmitation of the maxi- 
mum breathing capacity (atemgrenzwerl) to such an extent that it restricts 
ventilation during increased physical activity, and 2) the lack of correlation 
betMeen alveolar ventilation and perfusion Hon ever, it Mas only after the 
development of methods for the study of intrapulmonary distribution of le- 
spiratory gases by Sonne, Nielsen and Roelsen (5, 6, 7) and Darhng et al (8) that 
data were obtained Mhioh confirmed the latter mechanism by demonstrating 
unequal ventilation in different parts of emphysematous lungs In his studies 
Kmppmg also called attention to a syndrome oharactenzed by hypoventilation 
associated with gaseous acidosis, a high CO. content and n Iom oxj'gen saturation 
in the artenal blood This syndrome, obsen^ed mainly in cases of narcotic 
overdosage, was also seen in patients with chronic pulmonary and circulatory 
insufficiency The cases described as “cardiacos negros’ ’ by Berconsky (9) w ould 
seem to belong to this particular group They shoaed clinical evidence of 
severe pulmonary emphysema and of cardiac failure associated with poly- 
cythemia, plethora and cyanosis, and the physiological pattern described 
Mas oharactenzed also by hypoventilation, marked artenal anoxia and an ele- 
vated carbon dioxide tension 

The more recent contribution to the physiopathology of chronic pulmonary 
emphysema by Hurtado, ICaltreider, McCann and other members of the Roch- 
ester group (10, 11, 12) IS also of particular interest These authors demon- 
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sfcrated a good correlation between the degree of arterial blood O 2 unsaturation 

and the degree of pulmonary emphysema as measured by the increase in the 
residual air 

total capacity ^ stiessed also the importance of physical ex- 

ercise in causing hyperventilation and m reducing to a very low level a breathing 
reserve already greatly restricted by a low maximum breathing capacity 

In the present paper we shall describe and attempt to classify the more prev- 
alent forms of physiological disturbance encountered in chronic pulmonaiy 
emphysema, to indicate m certain cases the natural histoiy of this disease, and 
to discuss how its course may be influenced by therapeutic measures 

MATERIAL FOR STUDY AND CLASSIFICATION 

The cases for this series were selected from a large group of patients with 
chronic pulmonary disease, on whom functional studies were performed, on the 
basis of the following criteria* 

1 The presence of chnical and x-ray evidence of pulmonary emphysema 

2 A residual air greater than the predicted value and contnbuting at least 
36% to the total lung volume 

Cases with laige pulmonary air cysts or bullae were excluded and will be pre- 
sented in a subsequent paper 

One bundled and twenty-two cases met these requirements and were partially 
or completely studied using the methods described and analyzed in the first 
paper of this senes Of this entire group sixty-eight patients were completely 
studied with respect to their arterial blood gases and form the statistical basis 
of this report Fourteen patients were followed with repeated observations over a 
period of one to thirteen years. 

The one hundred and twenty-two cases may be divided into two mam cate- 
gories on the basis of clinical and loentgenological data* 

I Uncomphcated pulmonary insufficiency 

This group consists of one hundred and three cases with no clinical evidence 
of congestive heait failure or roentgenological evidence of cardiac enlargement 

The cases belonging to this first category were further divided into the three 
following groups according to the presence or absence of artenal oxygen un- 
saturation and carbon dioxide retention following the standard exercise test 

Group 1 Avith an artenal oxygen saturation above 92 per cent followmg the 
standard exercise test 

Group 2 with an oxygen saturation and a carbon dioxide tension m the arterial 
blood respectively below 92 per cent and below 48 millimeters of mercury, 
following the standard exercise test 

Group 3 with an artenal oxygen saturation below 92 per cent and a carbon 
dioxide tension above 48 millimeters of mercury following the standard 
exercise test 

II Combined cardiopulmonary insufficiency 

This group {Group 4 ) consists of nineteen cases with clinical evidence of 
cardiac enlargement and dilatation of the pulmonary arteries 
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None of the cases was studied in the presence of a complicating illness, such 
as bTonchopneumoma All were examined at sea level and none had lived for 
any length of tune at a high altitude 

ncsuws 

I Uncomplicated pulmonary insufficiency {Groups 1, 2 and S) 

A Clinical characteristics 

The clinical histones of the patients belonging to Groups 1, 2 and 3, mth 
pulmonary insufficiency, are essentially similar The duration of the common 
symptoms of repeated respiratory infections, associated mth chronic cough and 
progressive exertional dyspnea tends to lengthen as one progresses from Group 
1 to Group 3 The incidence of asthma, pleunsy and serious pulmonary in- 
fection in the past history does not vary from group to group Nine cases u ith 
silicosis are included The physical examination did not demonstrate any sig- 
nificant variation among the groups In most cases the thorax was distended 
and held in the inspiratory position Thoracic expansion usually was litmted, 
mth absence of the lateral flare Frequently respiration iias either upper costal 
in type or else the thoracic cage was moved upward as a unit, by action of the 
accessory muscles of respiration Ifncoordmated respiratory movements were 
common Breath sounds were diminished, rhonchi and sibilant rales were pres- 
ent as a rule The heart was small m all cases Clubbing of the fingers was 
observed in about one-third of the patients None was polycythemic The 
chest x-rays showed hyperaeration of the lung fields in variable combination 
with mcreased bronchovasoular mnrkmgs or definite pulmonary fibrosis The 
diaphragmatic contour became lowei, flatter and more irregular progressively 
from the first to the third group The majonty of the electrocardiograms in the 
standard leads weie normal, mth variable axis deviation 

The pulmonary arterial pressures of twenty patients belonging to Groups 1, 
2 and 3 were measured at rest bj means of the technic of right heart catheteriza- 
tion Normal sjstohc pressures below 30 millimeters of mercury were found 
in nine cases, all wath a normal artenal blood oxygen saturation at rest (More 
recent studies have showm in similar cases an appreciable rise of the pulmonar3' 
artenal pressure during moderate exercise ) The systolic pressures of the re- 
maining eleven cases were abnormallj elevated, ranging from 30-50 millimeters 
of mercury, all but one presenting artenal anoxia at the time of the study In 
general, the blood volumes were normal or low Although these observations 
indicate the presence of physiological clianges in the pulmonary circulation of 
such patients, we do not have sufficient data to establish these findings con- 
clusively 

None of the cases belonging to Groups 1, 2 and 3 progressed to Group 4 by 
developing chronic congestive heart failure while under observation How cv cr, 
acute episodes of cardiac failure were precipitated not infrequently in these pa- 
tients by acute anoxia resulting from a sudden decrease of pulmonary reserve 
due to the development of pneumonia or the induction of a pneumothorax (13) 
Although such episodes may be terminal, as in one of the cases belonging to 
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Group 2, the patient may also rapidly return to his previous state without 
sequelae. The majority of oui patients were sent to the hospital only for evalu- 
ation and were subsequently followed by then private physicians Follow-up 
data over periods of one to thirteen years aie, however, available on thnty-one 
cases Of these, ten weie studied several times and ten aie known to be dead 
The causes of death of eight of these cases were as follows 

In Group 1, Fibrocaseous tuberculosis 2 cases, and status asthmaticus 1 case 

In Groups 2 and 3, Syndrome of pulmonary insufficiency, chaiactenzed by 
extreme dyspnea and anoxia, not relieved bj’^ oxygen breathing 4 cases, 
and bronchopneumonia complicated by acute cardiac failure 1 case 

B Physiological observations 

The statistical data concemmg the physical characteristics and ph 3 '-siological 
measurements of the fifty-nme patients completely studied with respect to their 
arterial blood gases will be found m tables 1 to 5 The most important data are 
illustrated in figures 7 to 10 The physiological charactenstics of each of the 
three groups will be descnbed in turn 

Group 1 In this group of twenty-five cases with an arterial oxygen satuiation 
of 92 per cent or more following the standard exercise test the physiological 
findings were as follows 

1 The mean total capacity was shghtly greater than the predicted value and 
the mean vital capacity was 72% of the predicted value The mean lesidual 

air/total capacity ratio X 100^ was considerably elevated, up to 48 

2 The mean maximum bieathing capacity was i educed to 43 per cent of the 
predicted value It was more than 50 per cent of the predicted value in only 
seven cases Following the use of a bronchodilator spray, the mean maximum 
breathing capacity increased by 11 per cent 

3 The majority of the spirograms showed considerable slowing of expiration 
which IS characteristic of bronchiolai obstruction, loss of alveolar elasticity, and 
trapping of air The maximum breathing capacity was performed in a high 
inspiratory position, usually the volume of each individual breath during this 
test ivas less than 30 per cent of the vital capacity and sometimes smaller than 
the tidal air volume during quiet breathing 

4 A small degree of hyperventilation or a high normal ventilation was present 
during all the periods of observation The mean breathing reserves during the 
standard exercise test and the first minute of recoveiy'' were respective^ 21 and 
16 liters, sharply below estimated normal values The mean breathing reserve 
durmg the last minute of dyspnea follovnng the standard exercise test was 44 per 
cent of the mai nmmn breathing capacity and 56 pei cent during the first minute 
without dyspnea 

5 The mean index of mtrapuhnonary mixing equal to 5 5 per cent v as ab- 
normally high, mdicating poor mtrapuhnonary distribution and mixing 

6 The mean oxy^gen consumption was essentiallj’' normal at rest, dunng ex- 
ercise and during the first five minutes of the recovery period 
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Ventilation in L/mm/m* B S 

Basal 

1 mm standard exercise 

1st min recovery 

Sth ram recovery 

Breathing Reserve 

2 y 

Max Breathing Capacity 

Last mm. with dyspnea 

First mm. without dyspnea 

Breathing reserve m liters 

1 mm standard exercise 

1st mm recovery 

Index of mtra-pulmonary mixing 
Alveolar Nt per cent after 7 mm 
pure 0} breathing 
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TABLE 4 

Oxygen Consumption during the Standard Exerase Test tn Sixty eight Cases with 
Chrome Pulmonary Emphysema 
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TABLE 6 

Respiratory Gases in the Arterial Blood during Rest and following the Standard Exercise 
Test of Sixty eight Cases with Chronic Pulmonary Emphysema 
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was between 88 and 92 per cent at rest and rose to normal values following 
exercise 

8 . The mean arterial carbon dioxide tensions, alkahne reserve (T 40 ) and pHs 
were normal both at rest and following exercise 

Comment It is apparent from these results that this group suffers predom- 
inantly from severe ventilatory insufficiency The sharp reduction in breathmg 
reserve is caused mamly by a large restriction in the maximum breathmg ca- 
pacity Hyperventilation is present, although minimal, and compensates ade- 
quately for the disturbance in respiratory gas distribution, as shown by 
the relatively normal state of the respiratory gases in the arterial blood, espe- 
cially after exercise 

Group 2 In this group of nmeteen cases with an arterial oxygen saturation 
below 92 per cent and a carbon dioxide tension below 48 milbmeters of mercury, 
following the standard exercise test, the physiological findings were as follows 

1 The mean total capacity was about that predicted for the group, and the 
mean residual air was 50 per cent of the mean total capacity 

2 The mean maximum breathing capacity was reduced to 37 per cent of the 
predicted value and was increased by 8 per cent following the use of a broncho- 
dilator spray 

3 The pattern of the spirograms was similar to that observed in the previous 
group 

4 The mean ventilation during the periods of observation was increased to 
about the same extent as in the previous group The mean breathmg reserves 
during the standard exercise test and the first mmute of recovery were respec- 
tively 12 and 7 hters, values considerably lower than those of the previous group 
The mean breathing reserve dunng the last minute of dyspnea followmg the 
standard exercise test was 25 per cent of the maximum breathmg capacity, 
rising to 41 per cent during the first minute without dyspnea. 

5 The mean index of intrapulmonary mixmg, equal to 6 8 per cent, was 
definitely higher than that of the previous group, although, because of the wide 
scatter of the individual values, the difference has no statistical significance 

6 The mean oxygen consumption, while shghtly reduced during exercise, re- 
mamed wnthin normal hmits at rest and dunng the first five mmutes of the 
recovery penod 

7 Arterial anoxia was present at rest in the majority of the cases and in- 
creased greatly following exercise 

8 The mean arterial carbon dioxide tension, alkahne reserve (T40) and pHs 
were normal at rest as well as following exercise 

Comment From these results it is evident that this second group differs 
markedly from the first on account of a greater degree of ventilatory msufficiency 
and because of the presence of arterial anoxia There is httle, if any, difference 
between the two groups with respect to the size and distribution of the lung 
volumes. 

In view of the markedly unequal distnbution of the tidal air, the arterial 
anoxia is probably due, at least in part, to a poor correlation between alveolar 
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ventilation and perfusion, vith persistence of blood circulation in poorly venti- 
lated alveoli It IS possible also that inadequate diffusion plays a part, due to 
diminished alveolar capillary surface or to thickened alveolar vails, these factors 
cannot be isolated or evaluated in these cases by the methods used As has 
been pomted out by others m the past, unequal distnbution of tidal air, v ith 
arterial anoxia, is compatible with normal artenal carbon dioxide tensions and 
pHs, since over-ventilated alveoli can eliminate more CO 2 , -mthout increasmg 
the oxjgen uptake appreciably above normal saturation The reduction m 
oxygen consumption dunng the exercise test of short duration is mainly due 
to the oxygen deficit caused by the artenal anoxia The very severe restnction 
of the maximum breathing capacity greatly limits the breathmg reserve 

Many cases belonging to this group differ from those m the previous group m 
only one respect, namely, the presence of artenal anoxia dunng exercise The 
pulmonary function pattern of stiU other cases more closely resembles that of 
the followmg group A certain overlapping must be expected because of the 
fixed cntena used to separate the three groups of cases 

Group S In this group of fifteen cases w ith an artenal oxygen saturation below 
92 per cent and a carbon dioxide tension above 48 milhmeters of mercury fol- 
lowing the standard exercise test, the physiological findmgs were as follovs 

1 The mean total capacity, as m the previous two groups, was close to the 

predicted value, the mean residual air/total capacity ratio X 100^ was 

68, a value sigmfioantlj greater than the mean values for either Group 1 or 2 
(Respectively P = 003 and P < 0004) 

2 The mean maximum breathmg capacity was restncted to 29 per cent of 
the predicted value The difference between the mean value of this group and 
Group 1 has statistical significance (P < 0004) The differences between the 
means of Groups 2 and 3 are not significant In only mne cases was the maxi- 
mum breathmg capacity improved by the use of a bronchodilator spray 

3 The spirogram showed the pattern of marked bronchiolar obstruction and 
air trapping The maximum breathing capacity in most cases was performed 
in an extreme inspuatory position, which was higher than that attamed during a 
single maximum inspuation 

4 In sharp contrast to the previous two groups, the ventilation durmg the 
minute of exercise and the first minute of recovery was not increased aboxe the 
mean normal values in any case and was lower than normal in most of them 
However, at rest and during the fifth minute of recovery it was mcreased to the 
same extent as observed in the preceding groups The mean breathing reserves 
durmg the standard exercise test and the first mmute of recovery were respec- 
tively 10 and 6 hters The mean breathmg lesen e during the last mmute of 
dyspnea was 19 per cent of the maximum breathmg capacity, nsmg to 34 per 
cent durmg the first mmute without dyspnea Seven of the fifteen cases were 
dyspneic for more than five minutes 

5 The mean index of intrapulmonary mixing did not differ significantly from 
the similar value m Group 2, the range w as approximately the same 
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6 The mean oxygen consumption during rest was the same as in the pievious 
groups The mean oxygen consumption during exercise was somewhat lower 
than in the previous groups Statistically this figure is significantly lower than 
that observed in the normal contiol groups (P < 003) The mean oxygen 
consumption during the five minute recovery penod is considerably greater than 
that found in either the control or the two other emphysematous groups, although 
the wide scatter prevents this difference from having statistical significance 

7 The mean arterial oxygen saturation during rest was identical to that found 
in Group 2, but fell to a considerably lower value following exercise 

8 The mean arterial carbon dioxide tension was abnormally high at lest as 
well as following exercise. There was a definite tendency for respiratory 
acidosis to develop after exercise 

Comment From these results it would appear that the degree of emphysema 
m this third group is more severe than m the two preceding groups, and that 
extreme ventilatory as wmll as alveolar respiratory insufficiency is present 
The reduction of the breathing reserve to almost vanishing values during ex- 
ercise and the first minute of recovery is in sharp contrast to the considerable 
degree of hyperventilation observed during rest and the fifth minute of recovery 
This would seem to indicate that the absence of hyperventilation observed during 
exercise and the first minute of recovery is due to mechanical limitation of the 
ventilation and not to a depression of the respiratory centers These data 
suggest that the deterioration of the alveolar respiratory function is in part the 
result of ventilatory failure The requirement of the standard exercise test can 
no longer be met by an adequate increase in ventilatory effort and the alveolar 
ventilation is considerably reduced This situation results in retention of 
carbon dioxide as well as in severe arterial anoxia It is probable, however, 
that the disturbance of air distnbution also has progressed in comparison with 
the precedmg groups It is impossible to judge from the available data whether 
or not an impairment of diffusion of oxygen across the alveolo-capillary mem- 
brane plays a role in the alveolar respiratory insufficiency Other methods, not 
available at the time of these studies, aie required for the solution of this prob- 
lem Whether or not the reduction in O 2 intake during the period of exercise is 
due only to the decrease in arterial oxygen saturation, without the additional 
factor of a smaller than normal increase in cardiac output, cannot be decided 
C Individual case studies 

The following seven cases have been selected to illustrate further the pul- 
monary pattern characteristic of each group and to show the mfluence of the 
progression of the disease upon these patterns in patients studied repeatedly 
over a period of years 

Case 1 This case shows the findings typical of Group 1 C S , a 59 year old white male 
with a body surface area = 2 04 m*, entered the chnic complaining of extreme breathless- 
ness, cough and sputum for the past nine j ears For a period of at least eight^n years he 
had suffered from recurrent heavy chest colds often associated with fever On physica 
examination the chest was distended, with relatively good motion There w'as marked 
hyperresonance and the breath sounds were emphysematous with many sibilant ra es an 



PULMONAR-i INSUPFICIENCI 


211 


rhoncbi The heart w as small, the sounds distant X raj examination of the chest showed 
marked hyperaeration of the lung fields with some increase of the broncho \ascular mark 
mgs The costophrenic sulci were blunted and the diaphragms were low but not flattened 

TABLE 6 


Physiological Measurements tn 3 Individual Cases of Chronic Pulmonary Emphysema Showing 
the Characteristic Findings of Groups J, 2 and $ 



CASE 1 j 

1 CASE 2 

CASE 3 




Observed 

Predicted 

Observed 

Predicted 

1 Lung volumes in cc 







Vital capaoitj 

3142 


4720 

Eph 

2980 


Besidual air 

3748 

1720 

2828 

1300 

6175 

1690 

Total capacity 

6890 

6570 

7098 


8155 

5490 








T" X 

Total capacity 

55 

31 

40 

31 

63 

31 

2 A Maximum breathing capacity 







in L/min 







Before bronchodilator 

40 

113 

63 

132 

31 

109 

After bronchodilator 

02 


86 


34 


B Ventilation in L/min/m’ 







BS 







Basal 

4 3 

3 9 

4 7 

3 9 

5 5 

3 9 

1 min standard eieercise 

11 6 

11 2 

15 9 

11 2 

9 9 

11 2 

1st nun recovery 

18 8 

14 5 

16 0 

14 5 

12 3 

14 5 

C Breathing reserve in liters 







1 miD standard exercise 

16 

90 

29 

108 

11 

80 

1st Diin recovery 

2 

83 

29 

101 

6 ' 

1 

79 

3 A Indexof mtra pulmonarvmix 

j 


1 




mg al\eolarNj% 

7 7 

<2 6 

5 9 

<2 5 

14 3 

<2 5 

B Arterial blood 







Oxyhemoglobin saturation 







% 







Basal 

89 

90 

90 

96 

85 8 

96 0 

1st mm recovery 

96 

96 

84 

96 

64 8 

96 0 

Carbon dioxide tension in 







mm Hg 







Basal 

38 

43 7 

36 1 

43 7 

50 0 

43 7 

Ist mm recovery 

40 8 

43 0 


43 0 

52 4 

43 0 

4 Oxygen consumption in cc/mm/m* 







BS 







Basal 

125 

132 

138 

132 

172 

132 

1 mm standard exercise 

440 

500 

503 

506 

382 

506 


The heart Bhadevf wassmaU On flaoroscopie exaimnatiDn diaphragmatic motion, although 
ertremely slow, was abnormally small m amplitude The patient^s symptoms are some 
what relieved at present by bronchodilator drugs 
The physiological data (table 6) re\ealed 
1 a marked increase of the total lung ^olumc, 
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2 a moderate increase of the residual air /total capacity ratio { X 100) V 

\.T 0 / ^ 

3 a restncted maximum breathing capacity with great improvement following the use 

of a bronchodilator spray, 

4 hyperventilation at rest and during the recovery period, 

5 a large increase in the index of intrapulmonary mixing and 

6 slight arterial anoxia at rest which disappeared following exercise 

During right heart catheterization studies, the pulmonary arterial pressures were found to 
be normal 

The pulmonary pattern is characterized by marked restriction in the ventilatory ca- 
pacity associated with disturbance of the distribution of the tidal air The latter is com- 
pensated by hyperventilation, especially as a result of increased physical activity so as to 
maintain a normal alveolar ventilation The major disability of the patient, therefore, is 
severe ventilatory insufficiency 

Case 2 This case shows the findings typical of Group 2 F D , a 48 year old male with 
a body surface area = 2 16 m®, complained of progressive exertional dyspnea of one year’s 
duration, associated with wheezing There was no orthopnea or history of frequent upper 
respiratory infection On physical examination no cyanosis was apparent, the chest was 
distended with limited respiratory movements and the breath sounds were distant with pro- 
longed expiration Fluoroscopic examination revealed marked hyperaeration of the lung 
fields and a small heart The diaphragmatic motion was only slightly impaired The pa- 
tient was not followed 

The physiological findings (table 6) differ from the previous case in only one respect, 
namely, the development of artenal anoxia following the standard exercise test 

Hyperventilation during all the penods of observation compensates for the disturbance 
in distribution by maintaimng a more than adequate overall alveolar ventilation This is 
attested by the reduction of the arterial carbon dioxide tension The arterial anoxia, 
following the standard exercise test, on the other hand, must be the result of either an in- 
creased alveolar capillary oxygen diffusion gradient, or else the perfusion of poorly, or 
non-ventilated alveolar spaces, in effect an intrapulmonary veno-artenal shunt In this 
case, as in the previous one, a normal nse in oxygen consumption during the standard 
exercise test was an indication of a normal cardiac output response 

Case 8 This case shows the findings typical of Group 3 W P , a 65 year old white male 
with a body surface area = 2 09 m*, complained of increasingly severe exertional dyspnea 
and a chrome persistent cough, which had been present for many years Four years pre- 
vious to study he had developed a spontaneous pneumothorax Patient had no orthopnea 
or cardiac symptoms, but had been treated as a cardiac wnth digitalis for several years 
On physical examination slight cyanosis was apparent The chest was distended with 
dimimshed respiratory movement The breath sounds were distant wnth an occasional 
siblilant rale or expiratory rhonchus The heart was not enlarged and the sounds were 
distant Blood pressure 180/110 X-ray of the chest showed considerable hyperaeration 
with some bulla formation The diaphragms were low in position and flattened The 
cardiac shadow was small The electrocardiogram showed slight evidence of myocardial 
damage The patient at the present time is doing well on limited activity, the regular use 
of bronchodilator drugs and oxygen therapy by mask four or five times a day 

The physiological data (table 6) revealed 

1 a large increase in total lung volume with 

2 a large absolute and relative increase of the residual air , 

3 a low maximum breathing capacity slightly improved by bronchodilator drugs, 

4 a reduction in ventilation during the standard exercise test, 

5 a large increase in the index of intrapulmonary mixing. 
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6 a marked arterial anoxia at rest, increasing greatly after exercise and associated v. ith 

a arteijal carbon dioxide tension, 

7 a Ion oxj gen consumption during tlic minute of exercise 

Tlic degree of emphysema is considerably greater th in in the previous cases In spite 
of the reduced ventilation obsciNcd during the standard exercise test, the breathing reserve 
during the minute of exercise and the first minute of i ecov cry is low or than in the tw o pre 
ceding cases lYith this limitation of the oveiall ventilation no compensation is possible 
for the disturbance m the distubution of tidal air However, at lest, oven in the presence 
of hyperventilation the aUcolar ventilation is grossly inadequate as reflected in a high 
arterial carbon dioxide tension The data at hand cannot help to determine whether im 
pairnienl of dilTusion also plajs a part in the severe arterial anoxia With n marked re 
duction in arterial oxjgen saturation, the low oxjgcn consumption during exerci'^c could 
be thciesult of cither the alveolar respiratoiy insufficiency oi an inadequate cardiac output 
response In summary, this case, in addition to an cxtieme degree of vcntilatoij insufli 
ciencj also suffers from sc\erc aheolo respiratory insufficiency 

Case 4 This case was studied twice over a three jear period In the first studi slight 
evidence of pulmonary djsfunction was present, wlulc in the second the findings were 
typical of Gioup 2 E S , a 45 >car old white male with a body surface area *= 1 00 m*, 
was fust seen in 1944 with the single complaint of exertional dispnea His respiratou and 
cardiac lustorj was otherwise completely unrcvcalmg \t tlus time his physical cximi- 
nation was cssentinll> negative, except for the modcralely emphysematous contour of his 
chest Three years later he retuinod foi reexamination without nn\ staking oh mge in his 
symptomatology Tlicro had been no intcimittent respiratory infections or attacks of 
bionchiolar spasm The chest \ lays on both occasions showed little other than moderate 
hyperaciation of the lung fields Ihc patient recently moved and therefore has not been 
followed 

The physiological findings (table 7) duimg the first examination i e\ caled a small increase 
m total lung volume mostly due to an increase in lesidual air, a slightly elevated residual 

air/total capacity ratio some reduction of the maximum breathing capacity 

and a slight reduction m the aiternl oxygen saturation, with a return to normal following 
the standard exercise test, as a result of a considciable increase in ventilation ind a more 
than adequate alveolar ventilation 

Three y ears later the studies show cd a further increase in residual air a greater reduction 
m maximum lirtathuig capacity, a Ingh index of intrnpulmonary mixing, and an arterial 
anoxia present both at rest and following exercise, with evidence of adequate alveolar 
ventilation as judged from the caibon dioxide tensions 

The case is of particular interest boiaiiso of the minimal findings at the time of the first 
study The p itient was considered tlien to be suffering from a respiratory neurosis The 
abnormal findings in the study m idc tlucc years later were a complete surprise m view of 
the fact that the patient’s sy mptoms had not increased It should bo noted that the maxi 
mum bn athing capacity of this case was not lestncted to the same extent as those of tlic 
pievious cases and therefore the breathing reserve during the standard exoicise test was 
iclatvvely large Tins may well account for tlic mild symptoms 

Case 6 Tins case w as studied tw ice over a period of ten y ears and illustrates the progres 
Sion from severe ventilatory insufliciency to combined vontilo alveole respiratory inauffi 
ciency I H , a 37 yeir old Negro with a body surface aiea = 1 43 jn\ was first seen in 
1935 complaining of cough uid mild exertion vl dyspnea of one ycai’s duration He had 
worl ed as a rock drillei and blaster for two ycarx and had been told that he had silicosis 
On physical examination there was no cyanosis Chest expansion was diminished over 
the lower lobes, although both diaphragms descended well The lower chest was pulled 
m during inspiration Breath sounds were diminished and issociatcd with sibilant rules 
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and rhonchi The heart borders could not be percussed but the sounds were of good quality 
although distant A2 > P2 Blood piessure nas 195/100 X-ray of the chest showed 
moderate accentuation of the bronchovascular shadow's thioughout both lung fields but 
no nodulation The heart w'as slightly increased in the transverse diameter and the as- 


TABLE 7 

Physiological Hleasurenicnis in 2 Individual Cases of Chronic Pulmonary Emphysema Studied 

Twice Over a Period of Years 




CASE 4 

CASE 5 



1<)44 

1947 

Predicted 

1940 

1948 

Predicted 

1 

Lung volumes in cc 








Vital capacity 

4056 

3875 

3900 

2652 

1953 

3800 


Residual air 

1874 

2275 

1145 

2130 

3467 

1230 


Total capacity 

5930 

6150 

5045 

4782 

5420 

5030 


Residual air 








rp , , , X 100 

iotal capacity 

32 

39 

23 

46 

64 

23 

2 

A Maximum breathing capacity 








in L/min 

Before bronchodilator 

87 

74 

119 

27 

16 

102 


After bronchodilator 

90 

103 


42 




B Ventilation in L/min/m^ B S 








Basal 

3 9 

3 8 

3 9 

5 0 

8 4 

3 1 


1 min standard exercise 

18 0 

12 0 

11 2 

12 7 


10 0 


1st min recovery 

19 6 

14 3 

14 5 





C Breathing reserve in liters 








1 min standard exercise 

58 

52 

98 



86 


1st min recovery 

55 

1 

48 

92 




3 

A Index of intra-pulmonary mix- 

! 





<2 5 


ing alveolar N 2 % 

1 7 

9 5 

<2 5 

3 9 

12 5 


B Arterial blood 








Oxj'hemoglobin saturation 








% 






96 


Basal 

92 

90 

96 

92 

95 


1st min recovery 

Caibon dioxide tension in 

96 

89 

96 

95 

89 

96 


mm Hg 

Basal 

35 0 

37 0 

43 7 


51 0 

43 7 


1st min recovery 

31 5 

39 0 

43 0 




4 

Oxj'gen consumption in cc/min/ 








m= B S 

Basal 

133 

127 

132 





1 min standard exercise 

556 

387 

506 





cending aoita was widened and tortuous Electrocardiogi am showed slight evidence of 
myocai dial damage Dm ing the next five j eai s the patient’s condition i emained stationai y 
The djspnca and cough were improved by bionchodilatoi drugs The hypei tension di 
not piogiess In 1914 the patient stopped work because of djspnea At this time his 
physic il examination was essenti 1 II 3 unchanged Theie was no evidence of cardiocircu- 
latoi \ failure Dm ing the follow mg four years dyspnea increased mai kcdly until the last 
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admission when the patient was practically confined to his bod There was no clinical 
e\ idcnce of cai iliac insufficiencj , in spite of his severe long standing pulmonary iiisuflicienoj 
and systemic hj pertcnsion X i ay of the chest at tins time show ed mai ked uniform hyper 
aeration of both lung fields w ith flattening of the diaphr igms The heart w as not enlarged, 
although there w as a saccular aneurysm of the ascending aorta The patient w as ti ans 
ferred to another institution foi custodial care 

Incomplete pulmonary function studies were pci formed in 1940 and 1948 and are pic 
seated 111 table 7 The findings in 1940 show the pattern typical of Group 1, characterized 

by a considerable increase of the residual air/total capacity ratio X 100^ a marked 

restriction of the maximum breathing capacity greatly improied b\ bionchodilator drugs 
(restiiction of the same degree hid been observed in 1935) and a normal arterial oaygen 
saturation following caereise In 19 IS the studies revcnlcd a great increase of the residual 

air/total capacity i atio , further reduction of the maximum bicatlung capac 

ity and an extreme degree of hj pci ventilation at rest The artenal blood iv is still nor- 
mally s ituratod nitli oxygen at rest but became unsaturated after the four oi five steps' 
exorcise that he u as scarcely able to perform On cardiac catheterization the resting pul 
moiniy arterial pressures were found to be 38/16 millimeters of mercury 

Compared with the previous study the latest one shous a marl cd progression of the 
vcntihtoiy insufficiency and tho development of manifestations of alvcolo rtspiratoiy m- 
sufficiency The high resting, arterial c irbon dioxide tension suggests that alveolai vciitil 
ation IS inadequate m spite of marked hypcrvtutil ition With the leibt increase in nc 
tuity ill compcnsiting mechmisms fad because of the cxtiome limitation of ventilatory 
capacity and as a result the arterial blood oxygen saturation decreases significantly 


Case 6 This case, studied on four occasions at one year intei vals, illustiates the effect 
of bronchopneumonia and of varyang degrees of bronchiolar obstruction of the asthmatic 
type upon pulmonaiy function E B II , a 27 year old female school te ichcr with i body 
surface area « 1 44 m*, suffered from chronic asthma since infancy Acute attaclvs weio 
aggi ivated by multiple allergies as well as by recurring respiratory infections, including 
frequent episodes desenbed as bronebopneumoma Exertional dyspnea and chrome cough 
had been present since childhood The pitient was followed m the clinic for six years, 
during w hich time she w as hospitalized on one occasion for sev ci c bronchopneumonia No 
significant change was noted m the physical cxvmination over the many years of observa 
tion She was usually tachypneic, cyanotic and wheezing audibly Ilei chest was dis 
tended and the accessory muscles of respiration wcie used to lift up the thoracic cage as a 
unit Hypcrresonance was marked, the diaphragms were low but mobile The breath 
sounds were cmpiiysematous and usualh masked by frequent rhonchi and sibilant rales 
The chest x ray showed marked Iiy pcracration of the lung fields wath flattened and low 
diaphragms Both costophicnic angles woie obliterated The heart shadow was not en- 
larged but there w as some dilatation of the pulmonaiy conus and arteries On fluoroscopic 
examination the diapliragms moved well The radio Iranslucenco of the upper lung fields 
however, did not change during expiiation Repeated clcctiocaidiogiams have been noi 
lUftl The paticutdocsboth teaching andhou5>ewoikamliolies>hc wily uponbronchodil itor 
drugs 


The physiological obscnations made at yearly intervals between 1943 and 1940 are pro 
Bcntcd m table 8 A progressive incicasc of emphysema may bo noted throughout the 
years TJic study of 1944 was made during a period of unusual good health and sense of 
well being At this time no arterial anoxia was observed and the maximum breathing 
cap icity showed considerable improvement In contrast, the studies made m 1945, during 
convalescence from bronchopneumonia, show a sharp increase of the degree of emphysema 

with considerable increase of the residual air/total capacity ratio X 100^ a marked 
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TABLE 8 

Physiological Measurements in 2 Individual Cases of Chronic Pulmonary Emphysema Studied 

Repeatedly Over a Period of Years 




CASE 6 

CASE 7 



1943 

1944 

1945 

1946 

Pre- 

dicted 

1941 

1942 

1944 

1945 

Pre 

dieted 

1 

Lung volumes in cc 
Vital capacit 5 ' 

1974 

2147 

645 

1244 

3134 

1936 

2160 

2140 

2250 

3820 


Residual air 

1550 

2410 

3100 

2230 

824 

3760 


3340 

3400 

1650 


Total capacity 

3524 

4557 

3745 

3474 

3950 

5696 


5480 

5650 

5600 


Residual air 

44 

53 

83 

64 

21 
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61 

60 

31 


Total capacity^ 
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restriction of the maximum breathing capacity ami arterial anoxia at rest as well as after 
exercise Bj 1010 the extent of the cmphjsema had increased and the pulmonary pattern 
w IS quite chaiacteristic of Gioup 3 In 1918 a moderate degree of pulmonary arterial hy- 
pei tension was demonstrated by right heart cUlieterization 

The mam interest in this case lies in the maiked changes observed in the studj of the 
pulmonirj function duiing a period of relief fiom abtlimaiic ittacks and during convales 
ccnco from a scveic lespu itory infection In addition it shows the slow but definite pro 
gression of the functional disability over i period of 3 ve irs 

Case 7 This case, classified m Group 3, was studied frequenth duiing the four years 
pieceding death It illustrates a lomaikablc constancy of the physiological findings 
H C , a 50 vear old white male with a body suifacc arci = 1 52 m w is first admitted to 
the hospital in October, 1911 compl lining of a chronic cough of twenty years’ and of in 
eieasing dyspnea of five vcais’ duiation On physical examination the jiatient was thin 
and p lie w itli marked orthopnea dvspnc i and cy inosis the upper chest appeared distended, 
the diaphragms w Cl e low and a dorsal kvphosis was picscnt Respiratory movements were 
of the upper costal type with an immobile box like lower chest Breath sounds vieie di 
minishcd The hcait was small tho sounds distant A2 > P2 For several years the 
p itient w as subjectivclv much nnpi oved by i cst periods, and by the regular use of broncho 
dilator spray and pot issium iodide During the last year of his life, however, he had re 
pealed large hemoptyses fiom a left uppci lobe bronchiectasis and usuallv raised large 
amounts of sputum His pulmoiiarv insufTicicncv progiesscd rapidlv during this time and 
he died two months after lus last admission with manifestation of extreme ventilatoiy 
insufficiency At no time in his entire com se was there anv clinical mvmfcstation of cardio 
cuculatory insufficiency X ray of the chest (see fig 1) showed marked hypcraeration of 
the lung fields with increased tironchovasculai markings The diaphngms were low and 
somewhat irregulai The costophrcnic sulci were blunted The heart was small with 
fullness of the pulmonarv conus Several electrocardiograms m the conventional leads 
w ere essentially normal 

Physiological studies (sec tiblc S) showed on foui occasions a marked increase of the 
residud air evudcnce of obstructed expiiation and of air trapping on the spirogiams, ro 
stuction of the maximum breathing capacity with considerable impiovement b\ broncho 
dilator (the maximum bieathmg capacity w is repeatedly measured over the span of years 
and was found never to exceed the values listed in the t ible) an increased index of intra 
pulmonaiy mixing, hypoventilition during the standard cxcicise test, and scveie arterial 
anoxia following excicise The mean right ventricular systolic pressure was found to be 
elevated to 37 millimeters of mercury two ycvrs before death 

The autopsy revealed extensive bullous cmphvsema bronchiectasis, and purulent bron 
chitis The major bronchi were tluckciied and contained large amounts of yellow gray 
grumous m itcnal Oii microscopic ex imination the small bi onchi (fig 2) w ere frequently 
plugged with exudate There was a tremendous distension of most of the alveoU The 
alv eohr sp iccs w ere frequently confluent w ith the remains of fragmented septa projecting 
into the lumen The gcnoial pattern of the clistic tissue was greatly disturbed The 
elastic fibers weie often interrupted although occosionallv condensed The walls of tho 
pulmonary vessels were thickened and their iumma nai rowed The heart was not weighed 
but appeared smill On microscopic section muscular hypertrophy of the right ventricle 
was apparent 

The close correlation between the anatomical and physiological observations in this 
case IS quite evident The marked dilatUioii of the alveolar air spices is reflected in the 

increased residual iir/total cipacitj X 100^ 1 ho bronchial obstruction and 

disrupted tl istic tissue structure of the Imit explain tho spirofcraphlc Hndlilg It is, hon 
ever, ot tre it interest that no nlarhed dcRice Of riUit xentncuhr hjpertrophj or dilatation 
was found at autopsj, in spite of the plijsiological etidcnco ot right ventricular hjiicr 
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tension two years before death and the autopsy findings of severe disruption of the pulmo- 
nary capillarj' bed and pulmonary aiteriolar sclerosis 

II Combined cardio-puhnonary insufficiency {Group If) 

A Clinical characteristics 

The clinical features of the cases belonging to Group 4 diffei fiom those found 
in the piecedmg gioups by natuie of then selection on the basis of clinical 
evidence of chionic caidio-ciiculatory failuie, and of enlaigement of the heait by 



Fig 1 X-RA1 Picture IN Patient H C (Case?) with Advanced Polmonari Empiiisema 
AND Marked Degree or Arterial Anoxia 

x-iay All had congestive failure when first admitted to the hospital foi evalua- 
tion In addition to then pulmonary symptoms of chionic cough, lepeated 
respiiatoiy infections and exeitional dyspnea, they complained in vaiiable 
combinations of dioivsmess, fatigue, iveakness and dependent edema On 
physical examination plethora, extreme cyanosis, dependent edema, ascites, 
enlaigement of the heart and hver were often piesent in addition to the typical 
findings of chionic pulmonaiy emph 3 ’’sema desciibed above In all but one case 
polj'^cythemia vas present In all cases the chest x-iaj’^s shoved in addition to 
enlaigement of the heart marked dilatation of the pulmonary aiteries and 
fluoioscopic examination disclosed eitliei paiadoxical or greatly limited dia- 
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phragmatic movement The ekctiocaidiograms vveie nbnoimnl m six patients 
with right axis dev'iation present as measured fiom conventional leads in seven 
of the nine iccords 



Tor description sec text 

A total of nineteen patients belonging to Group 4 were partially or com- 
pletely studied Ten aie known to have died fiom congestive heirt fniluie 
w itliin SIX w ecks to nine j cai s aftei their fust study Some of the patients i an a 
fairlj lapid downhill course ovci a penod of months, wlieieas otheis pursued a 
chionic couise for minj jciis The cause of death was conhimed bj autopsv 
111 nine cases In these cases the following diagnoses woio made in addition to 
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that of chionic pulmonaiy emphysema and cor pulmonale clnonic bionchiec- 
tasis and/ oi bi onchitis m 5 cases, silicosis in 1 case and healed Boeck’s sai coid in 
1 case 

B Physiological observations 

The statistical data concerning the physical characteiistics and physiological 
measuiements of the nine patients completely studied in respect to then aiteiial 
blood gases will be found in tables 1 to 5 and the most impoitant data aie il- 
lustiated in figures 7 to 10 The chief findings were as follows 

1 The mean total capacity was slightly smallei than the piedicted value 

The mean residual air/total capacity latio X 100^ was appioximately the 

same as that obseived in Groups 1 and 2 of the uncomplicated pulmonaij'^ in- 
sufficiency senes, and likewise significantly lower than in Gioup 3 (P = 0004) 

2 The mean mavimum bieathmg capacity was as low as in Gioup 3, but the 
lange of vaiiation was somewhat greater 

3 The spirogiams, in addition to the abnoimahties obseived m the pieceding 
gioups, showed moie lounded cmves, le letaidation appealed earliei in the 
evpiiatory phase 

4 The mean ventilation duimg exeicise and dm mg the fiist minute of le- 
covery vas significantly lover than in Group 3 The statistical significance of 
the diffeience between the means duiing exeicise is high (P < 0004) How- 
ever, the diffeience duiing the fiist minute of recoveiyisless significant because 
of the small size of the two gioups (P = 01) It is impoitant to note that, in 
contiast to the observations made in the tliiee previous gioups, the mean ven- 
tilation at rest and during the fifth minute of lecoveiy was noimal The mean 
bieathmg reserves duiing the standaid exercise test and the fiist minute of 
lecoveiy weie respectively 16 and 14 liters, values considerably higher than in 
Gioups 2 and 3 The mean bieathmg reserve during the last minute of dyspnea 
was 36 pel cent of the maximum breathing capacitj'’, rising to 49 pei cent duimg 
the fiist minute without dyspnea These values are more comparable with those 
found in Group 1 than with those in Gioups 2 and 3 

5 The mean index of intiapulmonaiy mixing was almost identical with the 
values found in Gioups 2 and 3 

6 The mean oxygen consumption during exeicise vas strikingly low The 
differences between the values in this gioup and in the normal and preceding 
tlnee gioups have high statistical significance (P < 0004) The mean oxygen 
consumption during the five minute recovery period, on the other hand, was not 
different from the values obtained m Group 3 

7 The arterial oxj’-gen unsatuiation at rest and following exeicise was of the 
same degree as m Group 3 

8 The mean carbon dioxide content and tension of the aiteiial blood during 
rest and folloving exercise veie extremely high The statistical diffeiences 
betveen these mean values and similai values in gioup 3 are higlily significant 
(P = 005 and < 0004 lespectiveb’’) The pHs of the blood showed definite 
evidence of acidosis at lest and folio wung exeicise 
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Comment From these studios it is evident that extreme v entilatory as well as 
nlvoolai lospiiatoiy iiisufficiencj is present in this gioup Wheieas the degieo 
of emphjsema is about the same as in the two fiist groups, it is considerably 
loss than that obseived in Gioup 3 The cardio ciiculatoij insufficiency, 
howevei, is a significant additional factor It is of mteiest that with an arterial 
oxygen unsatuiation of the same degiee as in Group 3 the oxygen consumption 
duimg exeicise was gieitly lodiued in this gioup This finding suggests that 
the caidiac output incieasc was less than in Group 3 Hypov'entilation duiing 
exeicise and lecoveiy^ was stiiking and yet the bicathmg lesoiv'e during exercise 
and the fiist minute of iccovoiy' was higliei tlian m Gioup 3 This finding sug- 
gests as a cause foi the limit ition of the ventilation a poor lesponse ot the respira- 
tory centei to the usually sliaip stimulus of a high aiteiial caibon dioxide ten- 
sion Fuithcr depression of the x'entiUtion showm by many of these cases when 
giv'cn high oxvgen theiapy is confirmatory evidence that then lespnatoiy 
stimulus uses piedominantly fiom the c iiotid body lathei than from the medul- 
lary centeis The peifoimance of these cases of caidio circulatoiy^ failiue 
associated with pulmonaiy insufiiciencv, contrasts shaiply with that found m 
patients with uncomplicated congestive fiiluio, dining exercise, as m the lattei 
gioup hy'pei ventilation ind a maiked deciease m aiteiial caibon dioxide tension 
are usually obseived 

As in the picvious gioups, the dat i do not peimit an analy sis of the lespeotive 
parts played by distuibance of air distribution and impairment of diffusion m the 
pioduction of the alveolar lespii vtoiy' insufficiency 

C Individual cases 

The following two cases have been selected to demonstiatc that similai phys- 
iological patterns may be lelated to difteient pathological findings 

Case 8 This case was followed and lopcatcdb studied during the last nine wars of his 
life M K a Polish Jew ish hat maker with a body surface area = 1 SO m , w as first seen 
at the age of 3S y ears in Apiil 1038, and was followed closely until his death in Pebruary , 
1947 At the age of 2S vears lie devclopeil n chioiiic productive cough with rapidly incieas 
ing cvertional dyspnev which progressed during the next eight yeais to become his most 
disabling sy mptom Cy anosis and ankle edema had been observ ed i cspectiv cly for seven 
and SIX yeais He had been tieated in several hospit ils, with only tiansient relief, for 
congestive failure and polvcy tlieinia bv bed test, phenylhydr trine, digitalis, pldcbotomy 
and racrcui lal diuretics When first seen in 1938 the patient w ns v cry cv anotic and w hcez 
ing audibly The chest, held in the inspiratory position, was distended licspir itory 
mot enieiits w ere limited and the leccssorv muscles of respir vtioii moved the ehest upw irds 
as a unit Breath sounds w ci e diminished with numerous sibil int i ales ind i honchi The 
licirt was large with a gillop ihy thm, thelivei was felt below the costal mat guv and mod 
crate pretibial edema was present Hemoglobin vv is 21 7 grims led blood cells 8,100,000 
There was a right preponderance and prolongation of the W conduction tune on the 
olcctiocardiogram Chest x rav (fig 3) showed inci eased broncliovascular mirkings 
The diaphl agms were rounded and sornew hat low in position Marked c irdlac hy pertrojiliy 
was piesent with dilatation of the imlmoniiv arteiies 

During the next nine years the jilivsirnl examination and chest x r iv it maiiicd essential] v 
imclianged although the dist ise slowly progressed The pulmoiury symptoms were 
greatly rolicvid by bionchodihitoi spiay, which tin piticnt insisted upon using contiii 
uously Repeated phlebotomies were also beneficial Diowsmcss became extreme Mas 
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sive edema and ascites were difficult to contiol The plasma volume ranged from 1980 
to 2300 cubic centimeteis pei squaie metei body surface The hematociit was above 60 
As a rule, ca* diac i hythm u as regulai ,but transient episodes of cai diac ai i hy thmia,auriculai 
fluttei and fibrillation u ere observed Death occurred suddenly at home w hile the patient 
uas alone 

Ph} Biological studies were repeated during this long peiiod of obseivation between 
1938 and 1946 The data piesented in table 9 aie thioughout the period of obseivation 
characteristic of Group 4 The following findings Mere stiikingly constant, namelj a 
total lung capacity always less than the predicted value, a considciable restiiction of the 
maximum bieatlung capacity, uith evidence of maiked bronchiolai obstruction, until the 



Fig 3 X-rax Picture in Patient M K (Case 8) mith Moderxte pulmonarx 
Exiphxsema, Marked Arterial Anoxia, Polycx riiEiiiA and Chronic Cardiac 

Failure 

last studj the maximum breathing capacit}'' doubled after the use of the bionchodilatoi 
spiay, a marked hj^poventilation in spite of a i espii atorj’' acidosis and a relatively laige 
bi eathing i esei ve 

The pi ogress of the disease vas slow and is shown by a slow 13 ’^ progicssive 1 eduction of 
the maximum breathing capacit 3 ' and of the ai tcnal blood ox 3 ’gen saturation 

Avlopsj/ The lungs failed to collapse upon the opening of the thoiax and a few bullae 
of 0 1-0 5 centimeter in diametei weie seen subpleurall 3 % the cut lung suifacc showed v^ei 3 ' 
little gross emph 3 "sema or distoition of lung structure except foi lobar pneumonia in tie 
left uppei lobe On micioscopic examination (fig 4) the alveoli were for the most part 
uniform in size with model ate atrial dilatation The ilveolai walls weie engoiged witi 
blood Elastic tissue stains showed a minimal deciease in the iiumbei of elastic fibeis in 
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tho scptn Tlic arterioles and prtcapjllniies had as a rule normal \\alls, but a few of them 
show cd thickening of t he intima Tlicrc w as no hj p( i ti ophy of the bronchiol ir musculature 
ilthough considenblc filnosis of the bronchiolar w ills was seen The heart was large, 
weighing 700 glams The right aunclc and vcntiiclc were enormously dilated and liyper 

TABLE 9 


Physiological Measurements in a Case of Chrome Pulmonary Emphysema with 
Cardio pulmonary Insufficitncijt Studied Repeatedly Over a Period of S 1 ears 



CASE 8 


1938 

1940 

1942 

4943 1 

1943 

19« 

Pre 

dieted 

1 I ung volumes in cc 




j 




Vit il capacity 

2130 

2230 

2435 

1050 

1610 

leso 

4090 

Residual air 

1C30 

1GS4 

2212 

20S5 



1250 

Total c ipicitv 

3700 

3014 

4647 ' 

37S5 



6340 

:;rr-: X 100 

1 -13 

43 

4S ! 

SO 



24 

Totil capacity 



2 A Maximum breathing capac 
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itj in L/mm 

Before bronchodilator 

24 

30 

31 

0 

14 

II 

115 

After bronchodilator 

■10 

53 

40 

10 

20 

23 


B Vcntil ition in L/min/m* B S 








Bas \1 1 

2 7 

3 5 

3 5 




3 1 

1 mm 8t uidard exercise 

5 4 

7 4 

6 6 




10 0 

1st mm recovery 



7 0 




13 4 

0 Bicithing reserve in liters 








1 min standard exercise 

13 

17 
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Ist mm rocoverv 



18 ! 





3 A Index of intra pulmon iry 
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76 
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6S 

7S 

08 
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mm Ilg 
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72 i 
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59 0 

54 0 
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1st min recovery 

75 0 


SO 0 
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1 Oxvgcn consumption in cc/mm/ 








m*BS 

Bisal 

137 

161 , 

151 1 




131 

1 mm standard exercise 

290 

322 

2GS ' 
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troplned, whereas the loft auricle and \cntricle were ippro\imatdj normil in size The 
1 irgo pulmonarv vessels wcic also trcmtndoush ililaled A moderate number of athcro 
nntousplique&wercseatteicdo\i.r theintimalsurfan of the pulmon ir\ vrlcnes No ob 
\ lous obsti action to pulmon ii j blood flow w is found The liv ei and spleen show ed chrome 
passive eongestion 
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These autopsy findings, in the light of the lepeated physiological measurements, aie of 
paiticulai inteiest They demonstiate veiy clearly that severe distui bances of the'ventil- 
atoiy and distributive functions of the lungs, associated with consideiable distension of 
the lungs duiing life, aie compatible with only modeiate pathological evidence of emph}"- 
sema and the peisistence of the elastic stiuctuie of the lung Bionchiolai obstiuction of a 
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Fig 4 Microscopic Section oi the Lung Showing thi^ Chik-vcteristic Histological 

FiNniNGS IN Patient M K (Case 8) 

For description see te\t 


revel sible type plajed an impoitant part in the distension, with the additional factor of 
cngoigement of the pulmonai j’’ vasculai bed, a sti iking feature of the pathological findings 
In this lespect it is to be noted that a close con elation between the degiee of ventilatorj 
and distiibutive disfunctions on the one hand, and the degree of polycythemia and plethora 
on the othei , was fiequently obseived during the patient’s lifetime As foi example, a 
niaiked subjective impiovement, coupled with improvement in niaximum bicathing ca- 
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pncitj ind aiterml satunition followed these cjiisodcs 1) a severe liemntemesis, 2) a bout 
of infeetious jaundice, and 3) mnnj larpt phlebotomies Sinularlj, the great relief fol 
low mg the use of the bi onchodilator spraj could, in part, bo the result of its vnsoconstrict 
ing action on a congested bronchial wall, as broncluolai muscular hypertrophj was strik 
luglj absent In an attempt to reconstruct the sequence of events which led to the clinical 
and phjsiological pictuic it mij bo postulated that, regardless of its nature, bronchiolar 
obstruction caused a distuibiiice in alveolar ventilation followed by a profound chrome 
nnoMa, lesultmg in policjthcnua and lijpervoloinia Considerable incicasc in pulino 



Tio 5 \ niY PiCTUBi. IN I’eairwT H S (CAsr 0) with Ahvanci n I'uiMONAni 
EMriiYSEMv MaihvEd Akterial Anoxia, PonaciTiiEsiiA and Piiornesbiin 
Cardiac FaiijUrf 

nary blood \ olume and the increase in vascular resistance due to high viscositj of the blood 
nia> Ime played an important part in the dc\ clopmcnt of right heart lijportrophA and 
dilatation to w Inch pulmon iry arteriosclerotic changes, or the shrmkinfe of the pulmonarj 
vasculai bed contributed verj little 

Case 0 This case, followed for ton months before death, was also tjpical of Groiiji 1 
If S , a 50 jear old ta\i diiver with a bodj surface aiea = 1 GO m , had boon in good health 
except for well controlled diabetes and a slight chrome productive cough of three jciis' 
duration until ten months before admission, when ho detelopcd an ittpical pneumonia 
involving the lower half of the right lung Pollowing six weeks of hnspitnlizalion he was 
unable to w ork bee luso of w takness and rapidly progressive and dis ibling dyspnea feov cn 
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and eight months after his pneumonia he nas treated for congestive failure at tvo other 
institutions At the time of admission to the hospital a few veeks later he iias e\tioniely 
cyanotic and dyspneic at rest The chest was gieatly increased in the anterior-posterioi 
diameter and its expansion markedly limited The breath sounds vere distant and there 
V ere coarse persistent rales at both bases The liver, at first not large, later became pal- 
pable four finger breadths below the costal margin Hemoglobin 20 3 giams, red blood 
cells 7,800,000, plasma volume 2,000 cc pei square meter body surface Some lelief vas 
obtained fiom phlebotomy and digitalis He was readmitted to the hospital three times 
during the following ten months His congestive symptoms progressed rapidly and he 
died ten months after his first admission, eighteen months after his original attack of 
pneumonia X-ray of the chest (fig 5) levealed considerable hyperaeration of the lung 
fields The heart was not enlarged, although dilatation of the pulmonary conus and ar- 

TABLE 10 


Physiological Measurements in a Case of Chrome Pulmonary Emphysema with 
Cardio-pulmonary Insufficiency 



CASE 9 


Observed 

Predicted 

1 Lung volumes in cc 



Vital capacitj’' 

2090 

3720 

Residual air 

2724 

1650 

Total capacity 

4814 

5370 

Residual air 


30 

Total capacity 

Of 


2 A Maximum breathing capacity in L/min ! 



Before bronchodilator 

24 

97 

After bronchodilator 

29 


3 A Index of intra-pulmonary mixing alveolar 



N2% 

3 5 

<2 5 

B Arterial blood 



Oxyhemoglobin saturation % 



Basal 

78 

96 

Carbon dioxide tension in mm Hg 



1st min recovery 

62 3 

43 7 


teries was conspicuous Both diaphragmatic leaves were flattened and depiessed with 
marked blunting of the costo-phremc sulci The electrocardiogiam showed right axis 
deviation and emdence of myocardial damage 

The phjsiological studies aie summarized in table 10 As can be seen, there were an 
extieme limitation of the maximum bieathing capacity with no improvement following 
bi onchodilator spra> and a maiked artciial anoxia and caibon dioxide retention at rest 
Because of the veiy poor state of the patient when these studies were made, they were 
limited to the lesting state 

Autopsy Both lungs showed numerous small bullae ballooning under the viscera 
pleuia There was maiked hone 3 "Combmg of the cut surface of the lung, which shone 
m'lnj iiiegular c'lvities \Mth unusually proniinent blood vessels is the lung collapse a )ou 
them Considerable broncho-pneumonia was piesent in both lowei lobes As seen in t le 
imcroscopic section (fig 6) the alveoli are grextly enlaiged with loss of alveolar septa 






PUUIONAHI It.SUFFIClENCn 


227 


Hills nnd coalescence of the alveoli lo form larto saccular spices The alveolar wills, 
clsowlieie, iie grcitlj tlimncil and appear bloodless The blood vessels show intimil pro 
hfeiation with narrowing of the lumina, medial dctenci ation and cilcification Elastic 
tissue stains rove il almost conijilcto loss of clastic tissue The heart weighed UO grams 
Tlicro was inaiKcd dibit ilion and lijpcrtrophj of the light auiiclc and ventricle, and only 



1 or description see test 

slight dilit ition of the pulnionnrj ailcry Chrome passive congestion of the liver and 
spleen was present 

Ilchitionship hetwecii the sparse phjsiologiuti observiitioiis and some of the autopsj 
fiinlingsis w orth discussing The inarkcdloss of piilnioiniry el isticitj r ither tlianrci ersibh 
broni.lnnInr obstiuctiim, well ovplains the pool icsponse to bionchodihitors Thecvtcilsm 
slirinking of the piilmoii irj vastulai bed due to atiophie eh ingcs, with the idditional fac 
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tors of ano\ia and polyc jdhemia , conti ibuted probably to the development of cor pulmonale 
The extent of the disintegration of the lung parenchyma may v ell explain this patient’s 
rapid and progiessive dovnhill course in conti ast to the piolonged and chiomc course of 
the preceding case The reasons why pulmonary arteiiolar sclerosis was present in this 
case and not in the preceding one are not clear 

These studies illustiate cleaily that vaiTung anatomic changes may pioduce 
similai functional distuibances Fiom the clinical and physiological point of 
view both cases presented the classical picture of obstructive emphysema, cor 
pulmonale and right heait failure Anatomically the first case was predomi- 
nantly one of coi pulmonale in chiomc congestive failure ivith only moderate 
pulmonary emphysema, whereas the second ivas predominantly atrophic pul- 
monarj'- emphj'^sema ivith a definite but less sti iking coi pulmonale Severe 
distuibances of the ventilatory and distributive functions of the lungs may 
apparently result as readily from marked engoigement of the pulmonary vascular 
bed as from loss of pulmonary elasticity or atrophic changes Besides structuial 
changes in the lung leading to a considerable reduction in the size of the vascular 
bed, other phT'^sioIogical factors, such as polycythemia, rvould seem to con- 
tribute to the development of right ventiiculai hypertrophy and failure 


DISCUSSION 

The data presented in this paper raise a number of questions concerning the 
relationships existing among the various measurements, the correlation between 
the extent of the pathological process and the disturbance in the physiological 
adjustments, and the importance of the physiological observations in helping 
direct the treatment 


a) RelaUonship between vital capacity and maximum heathing capacity 

In contrast to the findings of Knipping et al (3, 4) oui data as shovii in figiiie 
11 , fail to indicate any close correlation between the variation of the vital capacity 
and of the maximum breathing capacity As a rule, the reduction in maximum 
breathing capacity in these cases of emphysema is greater than the reduction in 
vital capacity, in contradistinction to the findings noted in the group of pul- 
monaiy fibroses with ahmolo-iespiiatoiy insufficiency pieruously reported (14) 
Therefore, factors reducing an florr rmlocitj'', such as bionchiolai obstruction, 
destruction of elastic fibers, mechanical disadvantage and poor coordination in 
the functioning lespuatorj'' muscles appear to be of greater significance in re- 
stricting maximum breathing capacitT'’ in the course of emphysema, than do the 
reduced spatial limits within which maximum ventilation is performed 

From the practical point of xuew the observations made in these two impoitant 
groups of chronic pulmonai}'’ disease thus limit the usefulness of vital capacity 
as a measure of ventilatoiy function 


b) Relationship between 


heathing leseive ratio and dyspnea 

maximum bicathing capacity 


A number of observers have previously noted a correlation between the 
available breathing reseive and the development of dyspnea Two of the 
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present authors have shown tliat the threshold of dyspnea is reached usually 
when the breathing reserve falls to values between 60% and 70% of the maximum 
breathing capacity (15) This relationship has been tested m normal subjects 
and in patients w ith a variety of chest lesions, after thoracoplasty and resection 
of the lung and in chronic pulmonary fibrosis In most patients reported here, 
how ever, the threshold of dyspnea has been found to be much low er than hitherto 
observed In the 4 different groups the average breathmg reserve reached during 

LUNG VOLUMES 



MAXIMUM eftCATHlNG 
CAPACITY 



Abmw/ ! S 3 A 
*-C«OVP — 

^•0 7 Average Measuresients op Totae Long Voetoie and of Maxisictm Breathing 
Capacitv in 4 Groups of Patients w ith Chronic Puemonary Ejipiitbfma 

the first minute following the cessation of dyspnea, respectively 66, 41, 34 and 
39 per cent of the maximum breathing capacity 
Tlie cause of this unique discrepancy m our expenence is probably of a psy- 
chological nature Oftentimes in patients belonging to the anoxic groups, 
dyspnea is already present at rest Dunng exercise and early recovery they 
first complain of intense discomfort bordenng on the feeling of suffocation , after 
a more or less prolonged period they often signal that dyspnea is over, although 
the ventilation may still be significantly larger than during quiet breathing 
” hether this paradox is related to the contrast between the unbearable feeling 
of suffocation and a relatively more easy state of breathing, or to the blunting 
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tension upon the ceXalcorti'cm only te ™ “d“ 




Fig 8 Average Measurements op VentiijAtion at Rest during the Standard 
Exercise Test and during the First 5 Minutes op Recovery Foelovting 
Exercise in 4 Groups of Patients with Chronic Pulmonary Emphysema 


c) Relahonshzp between the residual air /total capacity ratio X 100 j and the 

arterial blood oxygen saturation 

In their group of 27 patients with chronic pulmonary emphysemaj Huitado, 
Ehltreider and McCann (11) observed a close con elation between the extent 
of the pathological piocess as judged from the lesidual air/total capacity ratio 

X 100^ and the degree of reduction of the arteiial blood oxygen saturation 

This view is apparently confirmed by comparing the mean values for both these 
measurements in Groups 1, 2 and 3 where the artenal oxygen saturation e- 

creases as the residual air/total capacity ratio X 100 j inci eases. In 

Group 4, however, where this ratio is equal to that in Group 1, the artenal 
oxygen saturation is the lowest in all groups Furthermoie, examina ion o 
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figure 12, where both measurements have been plotted agamst each other m 91 
cases of chrome pulmonary emphysema, reveals no close correlation This 
lack of correlation is not altogether surpnsing Our classification mdicates 
that, aside from the effect of pathological changes on the alveolar ventilation- 
perfusion relationship prevaihng throughout the lungs, physiological adjust- 
ments mvolved in the regulation of total ventilation must play an unportant 


OXYGEN CONSUMPTION 
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Fig 9 Fio 10 

Fia 9 Avebagb Measdbeuents in Oxtgen Conbumption and Aktbhiai. 
OxyHEMOOLOBJN SATURATION AT REBT AND IN RELATION TO ExEBCIBE IN 
4 Ghodps of Patients -with Chronic Pdlmonart Emphysema 


Fig 10 Average Measurements of Arterial CO, Tension and Arterial pH at Rest 
AND AFTER ExEROISE IN 4 GROUPS OF PatILNTS WITH ChRONIC PULMONARY 
Emphysema 


part m the vanation of artenal blood oxygen saturation For an adequate 
analysis of the factors mvolved m the regulation of the artenal blood oxygen 
saturation, it appears essential to determine also the magmtude of alveolar 
ventilation Total ventilation, intrapuhnonary mixmg, and carbon dioxide 
tensions must therefore be taken mto account, and also the vanous physiological 
adjustments mvolved m the regulation of ventilation It is on the basis of 
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Emphysema 
F or discussion see te\t 


sucli^considerations that the present physiological classification has been at- 
tempted and that comments have been repeatedly made in the course of this 
paper concerning the physiological responses prevalent in each group 
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d) Rclahonship bcincen 1) the measMremcnis of the oxygen deU and of the oxygen 
consumpUoiv duriTig eierctsc and S) cardiac insufficiency 

Nylm (16) has shown previously that an increase m the oxygen debt following 
a standard exercise test of short duration, is a reliable index of cardiac insuf- 
ficiency Comparison of the data obtained in two of our groups with approxi- 
mately the same degree of anona following exercise (Groups 3 and 4) fails to 
show any difference in their oxygen debt, although Group 4 presented clinical 
manifestations of cardiac failure To account for the difference between Nylin’s 
and our observations it should be pomted out that the methods of calculating 
the oxygen debt and the degree of seventy of the exercises used differ signifi- 
cantly from one another The standard exercise step test used in these studies 
is of shorter duration and involves less stram, and the oxygen consumption is 
measured during the entire first 5 minutes of recovery, whereas m Nylin’s test, 
the oxygen consumption is measured from the second minute of recovery on up 
to and including the sixth minute If, therefore, patients with isolated pul- 
monary insufficiency repay during the first mmute of recovery some of their 
oxygen debt at a larger rate than patients with cardio-pulmonary insufficiency, 
the difference m response of the two groups of patients would bo more apparent 
in Nylm’s than in our figures 

From the figures obtained in these same groups, 3 and 4, it w ould appear that 
the measurement of the oxygen consumption during the standard step exercise 
test provides an excellent means of detecting the presence of cardiac insufficiency 
in emphysematous patients 

c) RclaUonsliip 6e(toecn. arterial anoxia and polycythemia 

One of the striking findings in these studies is the obsei-vation that polycy- 
themia IS usually riot present m patients with pulmonary insufficiency regardless 
of the seventy of the anoxia, unless there is evidence of chronic cardiac failure 
Beyond this, our data do not provide any further information concerning the 
influence of chrome pulmonary msufficiency upon the development of polycy- 
themia It IS even difficult at times to deduce which is the primary and which 
the secondary effect Further studies are needed on this interesting problem 

/) Relationship between mhcosis and chronic pulmonary emphysema 

Nine cases of silicosis complicated by chronic pulmonary emphysema were 
included m these studies Their pulmonaiy function pattern did m no respect 
differ from that observed m the other cases All presented a severe restriction 
of the maximum breathing capacity to 22 to 45 per cent of the predicted value 
Five of the cases with a normal artenal oxygen saturation at rest and following 
exercise had a total lung capacity greater than the predicted value, whereas the 
four remaining cases, picsenting eevere artenal anoxia, showed a considerable 
restriction in their total lung capacity The physiological disturbances w ere not 
correlated wath the roentgenological findings diffuse nodular infiltration as 
well as conglomeration of silicotic nodules were present in both groups irrespec- 
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tive of the extent of the pulmonaiy insufficiency As has been noted by many 
observers, the seventy of pulmonaiy insufficiency in silicosis is greatly increased 
by the presence of a coexisting emphysema This is true only because obstruc- 
tive emphysema, whatever its etiology or its extent, profoundly disturbs both 
the ventilatory and alveolar respiratoiy function of the lungs The eight cases of 
silicosis mcluded m the group of uncomphcated pulmonary fibrosis described in 
the second paper of this series, presented in contrast moderate ventilatory insuf- 
ficiency without obvious disturbance to the mtrapulmonary distribution or 
diffusion of the respiratory gases 

g) Remarks concerning the treatment of emphysema 

The treatment of pulmonary emphysema is notably unsatisfactory and dis- 
couraging. The elirmnation of infection m the upper respiratory tract, pro- 
phylaxis against respiratory infections and the limitation of the patient’s physical 
activities are measures that require no comment On the other hand, the bron- 
chodilator drugs are usually reserved for acute asthmatic episodes or the severely 
disabled patient Yet spirographic tracings show that the mildly emphysema- 
tous patient, as well as the asthmatic patient, usually performs the maximum 
breathing capacity in a state of hypermflation After use of a bronchodilator 
spray more rapid ventilation can be performed in a state of lesser pulmonary 
inflation. The continued daily use of bronchodilators, therefore, is of value m re- 
lieving bronchiolar obstruction, and dimmishes the tendency to hyperinflation 
Several of our patients have used "vaponefrm”^ spray for years without harm 
and with considerable benefit Autopsies on two such patients, who used 
“vaponefnn” continuously for mne and four years respectively, revealed no 
pathology of the bronchial mucosa that could be ascnbed to the prolonged action 
of this drug The daily inhalation of a bronchodilator must be considered 
harmless and probably beneficial and should be encouraged m patients that 
show objective spirographic improvement with such therapy It should be 
noted, however, that a few patients cannot tolerate this drug because of bronchial 
irritation or mild systemic effects, others can use it only sparingly 

Oxygen therapy, likewise, can be extremely beneficial to patients with em- 
physema, when properly administered As a relief to acute anoxia followmg a 
relatively mild respiratory mfection it is mandatory and may avert the develop- 
ment of acute congestive failure or asphyxia It is well known, however, that 
patients with chronic anoxia become well acclimated to a low blood oxygen 
tension and may exhibit neither mental nor physical signs referable to it Such 
patients given oxygen over a prolonged period frequently lost this compensation, 
so that it became impossible to wean them from the oxygen tent or mask These 
findings have properly discouraged the use of continuous prolonged 
therapy in emphysema On the other hand, intermittent inhalation of ig 
oxygen for 15 to 30 minutes three or four times a day often results in subjective 
improvement, diminution of weakness and fatiguabihty, improvement of appe 

= Supplied by Vaponefnn Company, 6816 Market Street, Upper Darby, Pa This is a 
solution containing epinephrin-like substances 



POTjMONATIT IhSOFFIClENCrV 


235 


J cpncp of wellbcmE Ev on such treatment sbowW be Rp- 

^ °-p < ■« »-• 

Ttents (see table 1« tbe inhalation ot 100% of os-ygen for oven a short tunc 
will result in further depression of the ventilation, e\cessivc retention of carbon 
dio^de (blood COs up to 90 or 100 volumes per cent), and increasing acidoSis 
Berconsky (9) had pre\iously observed these effects of OA-ygen therapy m two 
similar groups of patients The following mechanism is probably responsible 
for these changes As the oxygon tension in the arterial blood incrc^s, the 
stimulation of the carotid body is reduced, causing hypoventilation Hypoven- 
tilation in turn is responsible for carbon dioxide retention, with its accompanying 
signs ot mental confusion and even coma These manifestations usually arc 
ascribed to oxygen poisomng, although they arc related to carbon dioxide nar- 
cosis It would eecm that the combined use of an intermittent pressure breathing 
device m order to mamtaiu ventilation, with oxygen therapy, might avert the 
latter complication in this group of cases 


TABLE 11 


Iti/luenM of Oxygen Therapy Upon the Venltlalton and the Carbon Dioxide Tension and pfft 
in S Cases of Chronic Pulmonary Emphysema with Cardto pulmonary Insujjicieney 


VIKmAtlOM 
i/urs/ijv « 8 

CA&BOHQIOXIDE I 

joxrmrt cc/«o»/»t' e « \ 

ACTCUAL OXYQCK 8AT> 
NATION rt%cm 

AXTSUAt CO» 

1 Tsmicr^.iuai Mg 

«.mAua plU 

Before 

After 

1 Before 

After 1 

Before 

1 

After i 

Before 

After 

Before 

Alter 

4 20 

3 41 

j 171 

165 

1 

> 100 

64 0 

73 6 

7 31 

7 23 

4 35 

3 00 

1 


75 

I 102 

64 0 

72 0 

7 41 

7 23 

4 02 

3 60 

1 108 

1 144 

71 

102 

53 0 

01 0 

7 40 

7 35 


In the same group of patients with polycythemia and cardiac failure the use 
of phlebotomy repeated at frequent intervals has been rewarding In one 
patient ot this series (M K) a total ot IG phlebotomies amounting each to 
from 750 cc to one liter were performed over a period of 5 years 


bUaiMARY 


1 A physiological classification of chronic pulmonary emphysema is pro 
po^d, in which oases with pulmonary insufficiency and those with cardio 
puhronaiy insufficiency are considered separately The severity ot pulmonar 
m^ffioieney was judged from the reduction of the arterial oxygen satnS 

2 Four groups were thus defined 

a In Group 1 severe impairment of the ventilatn™- j 

ffislutbanoe of mtra-pulmonary air distribution are present HvMrveTf 2 
however, adequately compensates for the disturban^of f ^®'^f“*^’'atioi 
rmintammg an adequate alveolar venWatio^vith 

.tag. .«i c<x.ur,!,”*z'2,rto 
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bility of this gioup, theiefore, is the reduction in breathing reserve, which limits 
physical activit}’’ and causes dyspnea 

b In Group 2 impairment of the ventilatory function and greater disturbance 
of an distribution appear Although hyperventilation still maintains a rela- 
tively normal arterial carbon dioxide tension, the compensation is not sufficient 
to prevent arterial anoxia at rest and following exercise To the reduction in 
bieathing lesewe another major disability is thus added in this group, namely, 
alveolo-respiratory insufficienc}'- 

c In Group 3 the reduction of ventilatory function and the disturbance in 
air distribution aie both marked Compensatory hyperventilation during 
exercise and early recovery is not possible because of the limitation of the ven- 
tilatory capacity This adds to the inadequacy of the alveolar ventilation as a 
cause of the arterial carbon dioxide letention and artenal anoxia This group 
suffers from profound ventilatoiy and alveolo-respiratoiy insufficiency 

d In Group 4 a ventilatory and an alveolo-respiratory insufficiency nearly as 
severe as in Group 3 is associated with evidence of polycythemia and chronic 
congestive heart failure Hypoventilation during all the periods of observation 
in the piesence of a high aiterial carbon dioxide tension and acidosis, and a low 
oxygen saturation are striking features of this group They reveal a profound 
disturbance m the response of the respiratory centers to normal stimuh. 

3 Individual cases, some of them with autopsy findings, have been described 
in Older to illustrate furthei the charactenstic patterns of pulmonary dysfunc- 
tion observed during the course of the disease 

Grateful acloiowledgment is made to Dr David Spain and other members of 
the Department of Pathology (Columbia University), to the vanous physicians 
and technicians who contnbuted over many years to the collection of the data 
and to Dr John West, who prepared four charts 

The authors ivish to direct attention to the following typographical errors in 
the first paper of this series 

(a) page 253, bottom, should read 

V = volume of expired air undei spirometer, etc 

(b) page 267, bottom, should read 
86 5 — [0 522 X age in years] 
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Since the classical work of Metehnikoff the importance of the cellular defense 
mechanism has been recognized The numerous investigations on various 
aspects of the subject that appear each year in the world’s literature serve as 
convincmg evidence for a general recognition of the necessity for thoroughly 
understanding this phenomenon Both because of this interest in phagocytosis 
as well as the great diversity of approach in experimentation, it was deemed 
worthwhile to attempt this review. Mudd, McCutcheon and Luck^ (210) 
and previously Mudd (209) presented excellent summanes of the work up to 
1934, especially in regard to the mechanism of phagocytosis Earlier reviews 
are cited by these authors More recently Cannon (39) has analyzed the func- 
tional significance of the humoral defense mechanism which, as he points out, 
may aid the cellular defense forces, and Robertson (248) has reviewed the 
process of phagocytosis of foreign material in the lung The present report will 
be limited to those aspects of the subject not treated by the above authors. 

1 Mechanisms of Phagocytosis 

The ingestion of particles by phagocytes, according to the formulation of 
Eenn (discussed at some length by Mudd et al , 210), is the result of interplay of 
surface forces which may be considered as surface tension or surface energy 
In either case the end result on ingestion of a particle is a lowering of the free 
energy of surfaces The surface tensions (or energies) of importance in this 
process are those between phagocyte and suspending fluid. Si, particle and sus- 
pending fluid, Sz, and the phagocsde-particle interface, Si_z Thus, when a 
phagocyte and particle are in contact. Ponder (210) showed that ingestion occurs 
when 


= or > (+1), 

Sz 

it fails to occur when the same relationship is less than or is equal 
and partial ingestion takes place when the ratio is greater than (— 1) ut is 
less than (-}- 1) It follows from these considerations that phagocytosis is 
favored by (1) an increase in the value of the particle-suspending fluid surface 
energy (a change that Mudd and co-workers (210) has showm to follow cont^t 
with specific immune serum) (2) a decrease m the value of partic e-p agocyte 
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intcrfacial energy, (3) a decrease m pliagoeytc-suspending fluid surface energy, 
or (4) a combination of any of these Therefore, from the thermodynamic 
point of view phagocytosis should bo a spontaneous process not requiring a net 
expenditure of energy on the part of the cell accomplishing the engulfment 
If this concept is correct, and most of the cxqierimental evidence suggests that 
it is, one should not necessarily expect a metabolic change to occur during ac 
tive phagocytosis unless some change results after the particles are inside the 
phagocytes Only two publications dealing with this subject arc available 
Baldridge and Gerard (14) working with dog leucocytes suspended in dog serum 
found an increase m oxygen consumption after the addition of a suspension of 
Sarema lutca This was measured manomctrically and a burst lasting 10-16 
minutes to values tw'ico the resting rate of oxygen uptake was followed by a 
gradual return to normal values over a period of H to hours Active phag- 
ocytosis was demonstrated There was no respiratory change accompanying 
the ingestion of India ink In the same year. Ado (2) also using the Warburg 
respiroraeters, obsen-ed no change in aerobic respiration when starch, India mli. 
or a suspension of dead B coli wore added to leucocytes from guinea pigs, rab- 
bits or dogs Glycolytic activity of the white cells was reduced by 50%, how- 
ever, beginning about 20 minutes after the addition of the particles Additional 
w ork along these lines is needed 

Since phagocytosis is best explained as a surface energy phenomenon, it is 
reasonable to suspect that surface active compounds should exert a profound 
effect on the process With this m mind, Leyendecker and Berry (174) tested 
the effect of several detergents on phagocytosis in vitro Sodium glycooholate 
and zephiran chloride in concentrations of 0 0001% by weight increased the 
mean number of bacteria ingested by 100 human leucocytes by 40% over the 
value for controls On the strength of these results Berry, Starr and Haller (23) 
selected the most potent phagocytosis-promoting detergents from a group of 
sixty that were tested Five, decyl benzene sodium monosulfate, carboxy- 
methylcellulose, hydroabiotyl sodium sulfate, Triton N-lOO and Tween 20, 
were capable of approximately doubling the mean number of bacteria ingested 
by neutrophiles as compared with normal controls This is shown m Table I 
The first three are anionic and the last two are non-ionic detergents Some 
cationic surface active agents enhanced phagocytosis but none was as effective 
as those listed Subsequent tests proved that these compounds were equally 
effective when phagocytosis was evaluated as per cent of leucocytes active 
Comparable results were obtained with both human and mouse blood It was 
also observed that the detergent (Triton N-lOO in this case) injected intraperi- 
toneally in mice was capable of enhancing the phagocytic power of the blood 
leucocytes tested in vitro Injections repeated at 4 hour intervals for 3 days 
maintained the leucocytes m the hyperactive state as determined by the periodic 
m vitro tests on shed whole blood This increased phagocytic activity was 
unable to confer any protection to the animals against experimentally induced 
mouse typhoid, comparable to that observed in earlier work by Berry and 
Haller (22) in the case of anemic mice (see section 7d) An explanation for the 
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therapeutic failure of Triton N-lOO was readily obtained when the in vitro ex- 
periments were extended to include preliminary incubation of the bacterial cells 
(either Staph, aureus or Sal typhimunum) with the detergent before addmg 
them to the blood rather than the reverse procedure previously followed. When 
this was done phagocytosis was depressed, but when bacteiia and blood were 
each incubated with the detergent prior to mixing, phagocytic values were al- 
most identical to those found for controls These results are not only explained 
by Fenn’s formulation as interpreted by Ponder (210) but offer the strongest 
kind of evidence for its validity. For example, when the surface “tension” 
(surface energy) of the leucocyte is lowered, phagocytosis is increased but 
when the surface tension” of the bacteria is lowered, phagocytosis is decreased 
W%en both are lowered proportionately, no change in phagocytosis results 


TABLE I 

Detergents Tested in F^l )0 
from Berry, Starr and Haller (23) 
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< 01% 
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< 01% 
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< 01% 
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More recently a new type of phagocytosis has been described in some detail 
by Wood and his collaborators (316, 317) in connection with their work on 
recovery in pneumonia Ingestion of pneumococci by lung phagocytes in the 
absence of circulating antibodies has been attributed to the surface contact 
between the cells and bacteria and has been termed “surface phacocytosis ’ 
This wull be considered in the light of the Fenn formulation after the experi- 
mental details have been presented in section 9a 
2 Methods of Studying Phagocytosis 
There are two basic procedures in general use for the quantitative evaluation 
of phagocytosis in vitro. In one, the average number of particles engulfed per 
leucocyte in a given time period is determined and in the second the percentage 
of leucocytes showing engulfment of particles in a given time is found. The 
former method is attributed to Wright and the latter to Hamburger (210). 
Since contact between phagocyte and test particle is the first event that must 
occur m order for the particle to be ingested any method must, by agitating the 
mixture, insure contact, assuming the absence of, or a variable, chemotaxis 
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Moreover, it is apparent that under theoretically ideal conditions m which all 
test particles and leucocytes are single and uniformlj distributed throughout the 
expel imental fluid the two methods should be numerically proportional Be- 
cause such an ideal distribution of particles, especially bacteria and probably 
phagocytes, is impossible to realize it can be shown statistically (281) that the 
Hamburger procedure is the better since the size of the clumps loses its impor- 
tance It IS frequently true, however, that the two methods yield results that 
are in good agreement (of 23) 

Boemer and Mudd (28) described the method of evaluating the phagocytic 
power of whole blood or of plasma-leucocyte mixtures which, with some minor 
modifications, is generally employed today Heparin, ns an anticoagulant, 
replaced those which had prcxnously been used and which precipitate the cal- 
cium ion, now known to be important m phagocytosis An agitator provided a 
continuous mixing of the cells and test objects at constant temperature Phag- 
ocytic activity was determined by microscopic examination of stained smears 
and the overall reliability of the method was shown statistically In cases where 
only small volumes of blood are available Kossovitch and Canat (167) used a 
teeWque in which the blood was collected in an ordinary white cell pipette 
(about 20 cubic millimeters) The white cells were separated by centrifugation 
in a special bulb tube without the use of an anticoagulant The cells and cul- 
ture to be tested were mixed and incubated, after which the few remaining 
erythrocytes were ly'sed with dilute acetic acid Smears were then made and 
stained with Bismarck brown It is doubtful if this procedure is as quantita- 
tixe or as reproducible as one in which larger volumes are employed The 
mixing IS probably less thorough with such small volumes and the proportion of 
leucocytes to test particles is probably subject to larger X'ariations 
The importance of leucocyte counts m carrying out phagocytic tests was 
emphasized by Jung (155), especially when comparison between samples of 
blood from different sources or from the same individual at different times is 
desired A more thorough treatment of the same problem is found m the work 
of Hanks (130) He showed that unless the relative number of bacteria and 
leucocytes as well as the number of each per unit of volume was controlled, test 
values for either percent of leucocytes showing ingestion or the ax erage number 
of bacteria per phagocyte were subject to misinterpretation It is only when tw o 
or more sera were compared simultaneously against the same suspension of 
bactena and leucooy tes that such considerations may be neglected As bacterial 
numbers increased, while holding the number of phagocytes constant, the values 
for bacilli-per-leucocyte changed as a linear function of the number of bacteria 
while the percentage phagocytosis values changed with the logarithm of bacterial 
numbers These relationslups held over the range investigated The effec- 
tiveness of the phagocytic system, which measures the percentage of available 
bacteria engulfed, decreased as the number of bacteria and the phagocytic 
values rose With constant numbers of bacteria, an elevation in the number of 
leucocytes increased the effectiveness but lowered the percentage phagocytosis 
and bactena per leucocyte values As the numerical density of the system in- 
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creased, but with a constant ratio between the number of bacteria and white 
blood cells, higher phagocytic values and increasing action of the leucocytes on 
the bacteria during unit time resulted Since ingestion did not keep pace with 
increasing probability for collision between bacteria and leucocytes when bac- 
terial numbers inci eased in the presence of a constant number of leucocytes, Hanks 
suggested that there was less adequate sensitization of the bacteria and that 
undetermined physical factors were possibly responsible 
All quantitative methods of evaluating phagocytosis make use of leucocytes 
whose activity is measured in vitro This is done despite the fact that the fixed 
phagocytes of the reticulo-endothehal system are known from numerous quali- 
tative experiments to be of primary importance in the removal of some foreign 
particles from the blood stream (see sec. 11 of this paper) Thus the demonstra- 
tion by Maxfield and Mortensen (196) that radioactive thorium may be used in 
quantitatively evaluating the phagocytic action of these cells opens up a new 
avenue of approach to their study Colloidal thorium dioxide was injected 
intravenously into rabbits, 1 cc per lolo body weight. The number of particles, 
n, decreased with time according to three distinct exponential laws The system 
was apparently overloaded at first but when n reached about one-sixth its initial 
value, the fraction removed in unit time increased More than 99% of the 
thorium was removed from the blood stream in 6-8 hours Mathematical 
analysis indicated that when the system was not overloaded (corresponding to 
the last two exponential laws) the foreign matter was removed according to the 
equation 

n = n(ie“‘‘‘ -{- (b/2a) noe"''^ 

where no is the number of particles initially piesent, n is the number of particles 
remaining in the blood after time t, and wheie a > > b 

a = a -j- ^ and b = a y/a -f- ^ 

and a IS the fi action of the amount present which is permanently disappearing 
in unit time, d is the fraction of the amount present which is disappearing tem- 
porarily in unit time and y is the fraction of the amount temporarily removed 
that IS reappearing in unit of time It is believed that this technique will find 
wide use in following the changes in rate of phagocytosis of particles by cells of 
the reticulo-endothehal system under numerous expeiimental conditions How- 
ever, the effect of thorium itself must first be thoroughly investigated and proven 
to be a suitable material for testing the ingestion of particulate matter There 
IS already available the work of Wen and Jung (305) m which the reaction o 
blood and tissue cells toward colloidal thonum dioxide (thoiotrast) has been 
studied These authors found that intravenous injection of thorotrast was 
followed during the early phase of the reaction by an increase in number of 
monocytes and neutrophiles, both active m phagocytosmg the particles Liver 
cells and suprarenal cortical cells also took up some of the fine granu es 
the cells of the reticulo-endothehal system engulfed them as large masses 
latter cells, together with the monocytes, frequently fused with each other to 
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fonn foreign body giant cells Barbieri (15) also observed the formation of 
■nhat he termed large granular syncytial islands in the liver, spleen and bone mar- 
row when certain cells in these organs became stuffed with thorium granules 
Some of these, according to Wen and Jung, became separated and were carried 
away wath the blood to be eliminated through the lungs but most of them per- 
sisted in the spleen, h\er, bone marrow, etc for a considerable time ^Vhen 
either trypan blue or lithium carmine were injected intravenously after the 
thorotrast had been gnen, the cells were still capable of taking up the dye par- 
ticles This proves that the reticulo-endothehal system was not “blocked” 
b> the thorium diovide Subcutaneous injections of thorotrast were always 
followed by a migration of a large number of neutrophilic leucocytes from the 
blood vessels to the connective tissue These, together with the clasmatocytes 
and fibroblasts, were phagocytically active There was a great aanability in 
the ingestive capaoitj of the ncutrophiles which was bcheied to be due to the 
availability of the thorium in the injected region The clasmatocytes and 
fibroblasts reacted in much the same way toward this material as they did to 
intra-vital acid dyes Subcutaneous injections of both thorotrast and dye 
showed that more dye was taken up by the various phagocytic cells than thorium 
granules This ma> have been due to the more rapid spread of the dye than of 
the other material Pohle and Ritchie (236) found no impairment in the health 
of dogs over a period of two years following injection of thorium dioxide 
Gordon and ICatsh (112) have recently emphasized the value of this agent in 
determining the phagocytic activity of spleemo macrophages m rats (see sec- 
tion 7a) In contrast to these findings Hanke (128) (129) and Risohke (247) 
claimed that the reticulo-endothehal system could be blocked by injections of 
thonum diovide How’ever, these workers used relatively large doses and were 
Uninterested in following the disappearance of the material after it was injected 
They were attempting to overload the phagocytic cells and as Risohke pointed 
out, this could also be accomplished with India ink, trypan blue and other sub- 
stances sometimes used to evaluate the phagocytic activity of cells On the 
strength of these expenments, it therefore appears that colloidal thonum is 
handled m essentially a normal way by the body cells 
3 Physical Factors Modifying Phagocytosis 
a The effect of temperature The earlier work on the effect of temperature 
on phagocytosis is considered by Mudd, McCutcheon and Luok6 (210) 

Chadani (43) studied the influence of temperature on the phagocytic function 
of connective tissue cells taken from living or dead animals The tissue cells 
from a winter frog maintained their ability to mgest particles at higher tempera- 
tures for a shorter time than did those of a rabbit At SO^C there was no 
difference and at lower temperatures the reverse held There was a close 
correlation between the velocity of phagocytosis and temperature for the cells 
of both animals but with differences appearmg for those from cold versus warm 
blooded ammals Tissue cells from 40 out of 55 cases of human autopsies re- 
tained their ability to phagocytose carbon particles The longer the mterval 
between death and autopsy, the lower the phagocytic ability of the cells 
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Gmnke (121) reported that artificial fever induced in human patients by the 
parenteral administration of a foreign protein decreased phagocytosis durmg the 
febrile reaction but that it later returned to the original activity or exceeded it 
In their studies on the influence of artificial fever on the mechanisms of resist- 
ance, Ellingson and Clark (83) obtained lower specific antibody responses in 
rabbits when the fever was near 41 5°C but found no influence on circulating 
antibodies when the fever was more moderate (near 40°C) Phagocytosis of 
staphylococci by guinea pig leucocytes in the presence of normal serum increased 
with rismg temperatures to a maximum of 40°C The zone of maximal activity 
was from 39 ~^1 C In human blood the optimal zone for phagocjdiosis of 
staphylococci was from SSMO^C. On the basis of these observations Harmon, 
Zarafonetis, and Clark (131) undertook a more comprehensive investigation of 
the temperature relations of phagocytosis in vitro. Over a range of 22°-42°C, 
taken in 5° increments, the phagocytic power of guinea pig exudative and rabbit 
polymorphonuclear leucocytes m homologous normal serum was enhanced for 
Staphylococcus aureus The complete phagocytic system was incubated for 
10 minutes in a thermostatically controlled water bath The conclusions were 
based on data from 15 tests usmg 10 gumea pigs and 5 rabbits In 15 experi- 
ments with mice, the results were not clear-cut because of a failure to secure an 
adequate leucocytic response In a senes of tests with 2® increments between 
37°-45®C, using guinea pig leucocytes and compansons at 25° and 50°C, phag- 
ocytosis increased up to approximately 43°C and declined rapidly above this 
temperature The rate of increase in phagocytosis declined as the higher tem- 
peratures were reached In an effort to gam a clearer imderstanding of the mode 
of action of temperature on the process of phagocytosis, Zarafonetis, Harmon, and 
Clark (321) opsomzed the bacteria (Staph aureus) at one temperature and m- 
cubated the completed system at another temperature Guinea pig exudative 
leucoc 3 d;es and normal homologous serum were employed. Sensitization at 40°C 
tended to yield a slightly larger amount of ingestion at either 37°C or 40°G 
than did opsonization at 37°C. Phagoc 3 d;osis at 40°C after preliminary op- 
sonization of the bacteria at either 37°C or 40°C resulted in more activity than 
at 37°C This is in agreement with the authors' previous results Usmg 22°C 
and 37°C as test temperatures, opsonization was impaired by the higher teni- 
perature while phagocytosis was enhanced These data show that phagoc 3 d;osis 
at 37°C was decreased by any prelimmary incubation of viable organisms^ in 
fresh normal serum and this inhibition was more marked at 37°C than at 22 C. 
There was no explanation for this observation but it was suggested that the 
coagulase positive strain employed might have produced an inhibitory substance 
comparable to that found by Hale and Smith (124) 
b The effect of x-rays Garschin, Zacharjewskaja, and Ossinska]a (96) 
studied the results of x-irradiating the cells of a granuloma induced in tissues by 
an injection of cholesterol Three to six erythema doses were employed and the 
phagocytic activit 3 ’- of the cells was reduced There was also a retarded infil- 
tration of connective tissue m the foreign body deposit or probably a retarded 
organization, with a reduction in number, size and digestive activity of macro- 
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plngcs Jcckcln (153) found, by animal cxpenmentation, that in the resting 
lymph node storage of carmm never occuircd Damage b> \ ra> or by injec- 
tions of diphtheria toxin, however, lesulted in an elevated phagocj.tio activity 
of the reticulum cells and the ingestion of dje particles Glenn (102) measured 
the phagocytic indices of healthy rabbits ns tested with Staphylococcus aureus 
following \-irratiation with a 100 r dose (measuied in air) delivered at 140 kv 
over a small area of normal skin * There was a significant increase in phago- 
cytosis 48 to 90 hours following the radiation Glenn (103) continued these 
studies and found that the dosage originally employed produced the most marked 
effect and confirmed that the maximal increase comes 48 hours after treatment 
A repetition of the optimal dose produced an increase in phagocytic activity 
which was only moderately higher than that obtained vvith a single dose The 
index could be maintained at the higher level for onlj a short time However, 
there was a definite tolerance of the rabbits to x-ra>s for producing an increase 
in phagocytic function beyond which point a depiession occurred Animals 
previously irradiated showed a return of their phagocytic indices to normal at 
varjing lengths of time following the treatment so that subsequent radiation 
following this event again produced a rise in phagocytosis which was identical 
with that observed m untreated animals Glenn suggested that the therapeutic 
value of x-rays in cases of infections might depend, at least in part, on this en- 
hancement of the cellular defense mechanism No expenments were performed 
to test whether the elevation m phagocytosis was due to a change induced in the 
leucocytes themselves or to a change m the serum’s opsonizing power 
c The effect of electric charge This problem is more extensively treated in 
the earlier review (210), hut several references have been found which seem 
worthy of discussion Exudative leucocytes contaming phagocytized chicken 
erythrocytes or bacteria were found by Ado (1) to have a lower electrokinetic 
potential than exudative leucocytes without phagocytized particles Findlay 
and Brown (89) correlated the phagocytic rate with the size of the electric charge 
on malaria-infected erythrocytes from a canarj The lower the charge the 
greater was the rate of ingestion by the macrophages of the spleen Ejishnan, 
Chapra and Mukherjee (168) also noticed that infected erythrocytes had a 
lowered eleotnc charge which they thought enhanced the ease with whichthe 
reticulo endothelial system phagooytosed the parasitized red cells A mere 
reduction in charge, however, did not necessarily determine the extent of phago- 
cytosis The rapid changes in shape which Alexeieff (5) observed when Enta- 
moeba histolytica ingested erythrocytes were attributed to changes in surface 
tension produced by differences m the electric charge between the cell and the 
amoeba Biowm and Broom (34) subsequently altered the electric charge on 
Staphylococcus aureus by means of solutions of potassium ferrocyamde and re- 
corded a progressive declme in phagocytosis as the charge was raised None 

* Cipollaro (40) states that 300 r is equivalent to one erythema dose as measured in air 
with low voltage radiation It is probable that at the voltage employed by Glenn more than 
300 r would be required for one erythema dose but this would also depend upon the filter 
employed 
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of these experiments was designed to show precisely what the authors conclude 
An extremely complex mter-relationship may exist between the charge and the 
free surface energy of a cell or particle but the two are not necessarily propor- 
tional If the electric charge on the surface were always directly proportional 
to the free energy of the surface then the relationship claimed above b 3 ’‘ Brown 
and Broom would always hold However, Mudd, McCutcheon and Luck4 
(210) point out that in the most precise experiments dealing with this aspect of 
the problem, maximum charge on the particle m one case and minimum charge 
under a different set of conditions may give comparable phagocytic values It 
may be of mteiest, however, to mention some unpublished results from the 
Biological Laboratories of Bryn Mawr College which indicated that the zeta- 
potential of human leucocytes suspended m physiological solution of sodium 
chloride was apparently mversely correlated with their phagocytic activity 
4 Chemical Factors Mochfymg Phagocytosis. 

a Sulfonamides Now that the sulfonamides are known to be competitive 
inhibitors of the metabolism of certain bacteria, the controversy that centered 
around the mode of action of these drugs a decade ago assumes less significance 
today It was suggested however by some of the investigators that the effec- 
tiveness of the drug depended upon an enhanced cellular activity Others 
believed that the sulfonamides were bacteriostatic and that phagocytosis was 
of httle value There finally came the recogmtion that a normal cellular defense 
overcame the infection only after the mvadmg orgamsms were inhibited by the 
chemotherapy This view has been strongly supported by the occasional case 
of overwhelmmg infection, where agranulocytosis also exists, despite intensive 
treatment 

One of the origmal hypotheses concernmg the action of prontosil agamst 
experimental streptococcal infections in mice was the one advanced by Levaditi 
and Vaisman (173) who suggested, without much experimental evidence, that 
an interference with capsule formation rendered the microorganisms susceptible 
to phagoc 5 d;osis Domagk (77) had previously claimed that phagocytosis of 
the streptococci by leucocytes m mice treated with prontosil was important m 
clearmg the tissues of the infecting organisms In this country. Long and Bliss 
(177), in one of their earhest papers on the subject, claimed that when sulfaml- 
aimde was used in the treatment of beta hemolytic streptococcic infections, phag- 
ocytosis of the streptococci by the polymorphonuclear leucocytes plays a 
paramount role m controlling the infection in the early stages of the treatmrat 
and that later the monocytes join in this phenomenon " Veiy shortly a ter t s 
appeared, the same authors (27) stated that bacteriostasis was the only emon 
strable factor which led to the control of Clostridium welchii infections m mice 
treated with sulfanilamide They also mterpreted m the same way t e ® 
obtained with mice experimentally infected with streptococci and trea e m 
sulfanilamide Long, Bliss, and Feinstone (178) subsequently repor e a 
the drug decreased the rate of bacterial reproduction and did not enh^ce phag- 
ocytosis as they had previously suggested They found no apprecia e 
of phagocytosis when peritoneal exudates were examined from trea e an 

nn+.rpn.t.pd nmf’.R 



rnAGOcrrosis 


249 


Chandler and Jane\\ay (44) measured an increase m vitro phagocytosis in 
the presence of dilute solutions of sulfanilamide Tliej suggested that the 
increase i\ as due to some non specific action of the drug Finkelstein and BirEe- 
land (90) confirmed the above findings and thought that the sulfonamide or a 
serum-sulfonamide complex acted like an opsonin Additional in vitro experi- 
ments by Tunnicliff (282) showed that prontosil soluble (the sodium salt of 
prontosil) diluted 1 1,000-1 1,000,000 and sulfanilamide diluted 1 100,000- 
1 2,000,000 in salt solution promoted phagocjtosis of Streptoccus viridans 
and Streptococcus hcmolyticus Both appeared to stimulate the activity of 
the leucocytes (cf King ct al (102), cited below) but not to act as opsonin 
She further observed that stabilized rough cultures of the Streptococcus viridans 
were more pliagooytablc than their stabilized smooth forms In certain dilu- 
tions, the drugs promoted a smooth to rough change in the micioorganisms 
which made them more easily phagocytosed Tunnicliff (283) subsequently 
reported that sulfapj'ridine, diluted 1 1000 to 1 100,000 m salt solution pro- 
moted the phagocytosis of Streptococcus viridans, Staphj lococcus aureus and 
non-capsulated Diplococcus pneumoniae The leucocytes were again found to 
hai e greater activity if serum was also present but the drug did not act as an 
opsonin A smooth to rough transformation w ns induced in all organisms grow n 
in 1 1000 dilutions of sulfapyndinc which rendered them more phagocytable 
Smears from the peritoneal cavity of mice injected with staphylococci with and 
without sulfapyndinc indicated that staphylococci are phagocytosed beginning 
one hour after receiving the drug King et al (1G2) had previously measured 
the maximal width of the migration zone of granular leucocytes of rabbit’s 
blood grown in tissue cultures containing 1 1000 dilutions of sulfanilamide 
There was a wider zone m the presence of the drug as compared with that of the 
controls Haag (123) obtained an enhancement of phagocytosis of bacteria 
in the presence of either prontosil or para-amino benzoic acid He emphasized 
the need for additional experimentation to clarify the results As part of a series 
of studies on stored blood Czekalowski (50) used a rough strain of Streptococcus 
viridans and obtained a phagocytic index and percent of leucocj tes active that 
weie both increased by sulfapjTidine in concentrations from 33 3 mg per liter 
to 0 33 mg per liter and by albucid soluble (also ealled sulamyd para ammo 
benzene sulfonacetamide) in concentrations from 0 00 to 0 22 mg per liter 
The maximal effect was obtained with sulfapyridmo at n concentration of 0 66 
mg per liter when the phagocytic index increased by 44 9% and the percent of 
active leucocytes by 111% With albucid soluble the optimum concentration 
was 3 33 mg per liter with the index increased by 97% and percent active cells 
by 100% Both drugs decreased phagocytosis m relatively high concentrations 
and the inhibitory effect could not be explained as a pH change The enhance- 
ment of phagocytosis by these sulfonamides was interpreted as due to a stimu- 
lating effect on the leucocytes rather than to an opsomzmg action Reed and 
Orr (237) on the other hand reported that the leucocytes m the blood phagocy- 
tosed Staphylococcus aureus at a noimal rate in the presence of sulfanilamide or 
one of four of its derivatives in concentrations ranging from 8-80 mg per 100 cc 
The leucocytes in the body cavity of mice infected with Clostridium welchii 
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ingested the bacteria more lapidly when treated with large doses of one of the 
sulfonamides than was the case for untreated animals They also found that 
mbre phagocytosis occurred m wounds infected with Cl welchu or Cl sordelhe 
and treated locally mth sulfathiazole than occurred m untreated wounds. 
While Mellon and McICmney (199) believed that the sulfonamides induced a 
phase transformation in bacteria which rendered them more easily mgested 
by the phagocytes, Reid (238) could detect no change m the capsules of D 
pneumomae m the presence of sulfapyridme m vivo or in vitro, nor could he 
obtain an inciease in phagocytosis of pneumococci in vivo or in vitio as a result 
of the drug’s action He did conclude, however, that normal phagocytosis of 
the growth-inhibited bacteria was responsible for overcommg the infection 
McIntosh and Whitby (190) were also unable to stimulate an mcrease in phag- 
ocytic activity of leucocytes with sulfanilamide, and Osgood and Brownlee 
(224) found that the drug had no direct effect upon phagocytosis when tested on 
tissue cultures of human bone marrow. In contrast to the results of Tunnicliff 
(282) (283) and Ehng et al (162), Coman (49) obtamed no chemotropic response 
to prontosil by leucocytes and found that sulfamlamide stopped all movement in 
the concentrations he tested The effect of six widely used sulfonamides on 
phagocytosis by human leucocytes was tested in vitro by Gershenfeld and 
Silver (101). Sulfamlamide, sulfathiazole and sulfadiazine caused slight in- 
creases m the total number of leucocytes showmg phagocytosis and a variable 
increase in the number showmg moderate or marked phagocytosis Sulfa- 
pyridme, sulfaguamdine and succmylsulfathiazole produced a shght decrease in 
these values 

The contradictory nature of the results in these m vitro experiments m the 
hands of different investigators raises more questions than are answered If 
the therapeutic implications, which actually served as the impetus for under- 
takmg the tests in most cases, are overlooked, it is difficult to undei stand why 
a sulfonamide increases the phagocytosis of some test particles and not others 
even when the particles appear to be the same It is not unlikely, however, that 
contradictory results, in certam instances, are due to a difference m the complex 
chenucal make-up of the test particles But it is more likely that the proce- 
dures employed by the investigators vaned sufficiently to account for the results 
These data serve to emphasize the difficulties mherent in quantitative phago- 
cytic studies There are so many variables in the procedure that are known to be 
capable of mvalidatmg experiments otherwise carefully conceived and executed 
that one is forced to reserve judgment as to the final value of the above resu ts. 

D6czy and Horvath (74) (75) suggested that an increased cefiular response 
and an enhancement of phagocytic activity followmg sulfonamide therapy in 
experimental animals and in men might be responsible for the therapeutic use- 
fulness of the compounds Welch, Wentworth and Mickle (298) admmistered 
sulfamlamide to animals experimentally infected with Brucella abortus an 
found an mciease m the opsonocytophagic activity foi the organisms e 
drug appeared to act through a stimulation of the defense mechamsm of t e 
infected annuals by increasing the production of specific opsonins thus affecting 
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a neutralization of the endotoMC or aggrcssm-like substances formed by the 
organism This permitted the enhanced phagocytosis Welch (297) also 
observed an increase in phagocytosis in cases of human brucellosis or in guinea 
pigs infected ivith Brucella abortus and treated ivitli sulfanilamide Normal 
guinea pigs or humans uith other diseases treated with sulfanilamide showed no 
change in the opsonocytophagic indcv for Brucella abortus nor did he find that 
the drag acted in vitro to elevate phagocytosis In infected guinea pigs treated 
with the sulfonamide the phagocytic index might be elevated oven when no drug 
uas present m the blood stream The scram of such animals was capable of 
increasing the ingestion of the bacteria when mixed with normal guinea pig or 
human leucocytes He attributed this action to an indirect effect of the drag in 
increasing the opsonic power of the blood only m the presence of the organism 
Moreover, this property of the serum was destroyed by the addition of small 
amounts of a concentrated filtrate of a B abortus culture Wood (311) com- 
pared the notion of antipneumoooccnl scram with that of sulfapyridine in ex- 
perimental D pneumoniae pneumonia The serum acts immediately and stops 
the spread of the pneumonic lesion by immobilizing the invading organisms 
through agglutination and the drag accomplishes the same result more slowly 
through baetenostasis In both cases the final destruction of the pneumococci 
depends upon phagocytosis, but in the animals treated with sulfapyridine this 
apparently occurs m the absence of cnculatmg typo specific antibodies Prioi 
to Wood’s experiments. Cooper and Gross (61) observed infrequent phagocytosis 
in all smears and sections from both sulfamlamide-treated and untreated rats 
with experimental pneumococcal pneumonia, with no difference in the frequency 
in the two groups Flemmg (91) found that the blood of patients treated 
with sulfanilamide against Strept hemolyticus or D pneumomae infections 
had enhanced antibacterial properties but no cliange in the efficiency of the 
leucocytes Goldstein and Graef (105) successfully treated expeiimental pneu- 
mococcal pneumoma in rats with either sulfanilamide or sulfapyridine but con- 
cluded that the disposal of bactena did not appear to be related to phagocyto- 
sis A similar conclusion was reached by Mellon, Gross and Cooper (198) in 
mice mfected with Streptococcus hemolyticus Gross, Cooper and Peebles 
(120) successfully treated splenectomized mice infected with the same organism 
and found that the sulfanilamide was just as effective in these animals as in 
normal controls 

The macrophage response in sulfamlamide-treated mice with hemolytic 
streptococcal peritonitis was studied by McKinney and Mellon (191) While 
some strains of bactena were phagocytosed by neutroplules, others seemed to 
require the presence of macrophages for their disposal Gay and Clark (97) 
observed the mode of action of sulfamlamide m experimental streptococcus 
empyema and felt that locally derived clasmatocytes were required m complete 
stenhzation of the treated anunals They believed that the baetenostasis 
produced by the drag served to protect the accumulated leucocytes and to allow 
the natural defense macrophages to accumulate Lushbaugh and Cannon (185) 
treated the pneumococcal dermal lesions of rabbits with sulfapyridine and 



252 


L JOB BERRY AND TOM D SPIES 


presumed that the drug acted upon the bacterial cell body rather than the 
capsule Under these conditions, they found no evidence that phagocytosis 
played as conspicuous a role in disposing of the pneumococci as it did in acquired 
immunity 

Harris and Miller (132), m a very ingenious experiment, mtiodueed large 
numbers of Streptococcus hemolyticus contained in collodion sacs into the peri- 
toneal cavity of rabbits treated subcutaneously with sulfanilamide The bac- 
teria were killed m the absence of phagocytosis and frequently in the absence of 
precipitable protein These results would seem to prove that phagocytosis 
IS not essential in the mechanism of action of the drug in vivo even though it 
may normally play a complementary role 

Nordenson and Heidenstrom (215) tested the action of sulfapyridme on the 
mtravital phagocytosis of Chinese ink by bone marrow In certain cases there 
was an increase in the activity of the myeloid cells but not of the reticulo-endo- 
thelial cells Their results permit no conclusions, however, as to the increase in 
phagocytosis of bacteria even though there is the suggestion of a general increase 
m phagocytosis within the body. However, the number of cases was too small 
and too variable to permit any generalizations 

Zernoff and Gorbatcheff (322) injected sulfanilamide into caterpillars experi- 
mentally infected with comparatively large doses of Staph aureus Phag- 
ocytosis was accelerated and the injected bacteria disappeared in 2-3 hours 
Unmedicated controls had staphylococci in the blood 48 hours after being in- 
oculated 

b Gastric mucin Nungester, Wolf and Jourdonais (216) first demonstrated 
that the virulence of bacteria injected mtraperitoneally mto mice is increased 
m the presence of gastric mucin The mucm could be introduced from 5 to 6 
hours before the organisms and the defensive mechanism of the host was still 
inhibited Miller and Castles (204) confirmed these findings using as few as ten 
organisms of the most virulent strains of Neisseria intracellularis They ob- 
served very little phagocytosis and concluded that the increased invasiveness of 
the bacteria was due to a local interference with the defense mechanism of the 
mice Nungester, Jourdonais and Wolf (217) reported that gastric mucin en- 
hances the virulence of organisms injected subcutaneously and intratracheally 
as well as mtraperitoneally They believed that the mucin did not inhibit 
phagocytosis (see below) but reduced the bactericidal propeities of the phago- 
cytic cells Anderson and Oag (6) verified the above observations for N intra 
cellulans, Staphylococcus aureus and certain strains of Streptococcus 
cus, but found no change in the virulence of Streptococcus viridans, 

E cob, and “B anthracoides ” The gastric mucin was chemically fractionated 
with the result that only the protein moiety was capable of increasing t e viru 
lence of N intraceUularis 0rskov (221) concluded that the greater pathogenic- 
ity of bacteria mjected into the peritoneum of experimental anima s was ue 
to the prevention of extracellular lysis and an inhibition of p agoey osis 
Tunmcliff (284) also found that gastric or salivary mucin inhibited p agocytosis 
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of bacteria by forming a covering over the cell which prevented vital staining 
In VIVO experiments revealed that mucm-coated staphylococci were not ingested 
by leucoc 3 ^s for 2 houis folloiung injection while m control mice phagocytosis 
was observed after 1 houi In the former case the animals died wnthin 24 hours 
and in the latter they recovered 

c Natural and artificial opsonization (1) In vitro exponments The action 
of normal non-unmune serum in promotmg phagocytosis has long been recog- 
nized (210) An elucidation of the role played by complement in tlus process 
has been the object of sex eral mx’estigations Gordon, 'Wutehead and Wormall 
(115) inactivated the 4th component of complement in serum by means of am- 
monia and found that this serum had lost none of its opsonic activity for Staph 
aureus The same authors (110) incubated normal serum at 37°Cfor2 hours 
wuth this organism present in amounts sufficient to remove the opsonic comple- 
ment activity but the 4th component was not removed Gordon (113) then 
demonstrated that congo red which prevented the bactencidal and hemolytic 
activity of normal scrum (complement) was still capable of exerting its opsonic 
activity Gordon and Thompson (117) subsequently reported three additional 
ways in which complement could be inactivated without the loss of the opsoniz- 
mg power of the serum These were (a) long standing of the serum at room 
temperature (b) the addition of acid or alkali and (c) the action of hypertonic 
concentrations of certam sodium and potassium salts In trying to account for 
the expenmental facts, two possible explanations for the relationship between 
complement and opsonin were favored Firet, complement may act as an 
opsonin, when present m its complete form, but when it is modified or altered 
in structure by various agencies, the modified complement may still act as an 
opsonm provided it has not been too drastically modified This would demand 
that opsonization is still possible with xvider divergence from the optimum state 
than IS permissible for complement action And second, opsonin and comple- 
ment are different systems acting independently but showing considerable re- 
semblances to one another m some respects The latter xnew was favored by 
Gordon and Thompson but obseiwations by other investigators support the 
former concept Delves (68) used punfied serum protein antigens and found 
that the removal of a precipitin by absorption with the homologous antigen also 
completely removed the agglutinins and opsonins The complement fixing 
power of the albumin antiserum was completely removed and it was greatly 
lowered in pseudoglobuhn antiserum after absorption These results indirectly 
suggest that complement may be necessary for phagocytosis Castelh (40) 
confirmed the findings of Delves when he showed that depnving an agglutinating 
serum of its agglutinins by absorption with the specific bacteria, totally de- 
pnved the serum of its phagocytosis promoting properties In contrast to 
Gordon’s lesults, however, Castelh found that serum treated with Congo red 
not only lost its complement but also its ability to enhance phagocytosis He 
concluded that opsonins were inseparable from complement and bactenotropms 
w ere mseparable from agglutinins Recent attempts have been made by Maaloe 
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(187) and by Ecker and Lopez-Castro (81) to analyze the factors responsible 
for the opsonic activity of fresh sera so as to make the determinations more 
quantitative Maaloe concluded that the same was the active factor in 
phagocytosis as it was in hemolysis, that calcium ion was essential and that Oh 
was likewise needed, contrary to the belief of Gordon, Whitehead and Wormall 
(see above) It was also concluded by Ecker and Lopez-Castro that C'4 was 
needed for opsonization but that sera, from which C's had been removed, showed 
little or no loss of opsonic activity Additional experimental evidence, how- 
ever, offered as suppoit for the conclusions of Gordon and Thompson was 
presented by Gordon (114) Opsonin was taken up from ammonia- treated 
serum by Staphylococcus aureus in such a way that it could not be removed 
from the bacteria by thorough washing Sensitized blood cells, on the other 
hand, were unable to retain the material absorbed from the serum after washing, 
in such a state that the addition of the 4th component of complement brought 
about hemolysis The interpretation that opsonin was not therefore a defective 
or incomplete complement seemed to be open to question in the light of the more 
lecent work 

The action of tannin in promoting phagocytosis was originally described by 
Freund (93), by Reiner and his colleagues (239) (240) and others. These ob- 
servations were offered in support of the concept that the ingestion of particu- 
late matter by cells depends upon the free surface energy relationships mentioned 
in an earlier section of this paper Additional experiments, now available, are 
most readily explained on this basis. A large group of substances, including 
many vegetable tannins, salts of chromium, iron, aluminum, lead, zinc, copper, 
magnesium, calcium, barium, cadmium, nickel and cobalt, and also gallic, acetic, 
lactic, sulphuric and picric acids, formaldehyde and catechin were tested for 
opsonic action against Staphylococcus aureus by Gordon and Thompson (118) 

A definite parallelism was found between tanning action and opsonic activity 
The irreversible chemical changes characteristic of tanning were believed re- 
sponsible for the changes in physical properties which made phagocytosis pos- 
sible Even though dehydration is an invariable consequence of tanning action, 
it was not considered to be the primary factor Those substances possessing 
opsonic activity almost always exhibited agglutinating power This 
predicted on the basis of the theory The same authors (119) extended t eir 
experiments to studies vuth E typhi Essentially the same results, with some 
minor differences, were found 

Fethlce (86) tested the effect of salts of normal saturated fatty acids on phago- 
cytosis in vitro The lower homologs of Ci to Ce acids produced no c ange in 
phagocytosis while the salts of Cs to Cio acids markedly increased the ac ivi y 
Acids with longer carbon chains had a toxic and inhibitory effei^ 
not due to changes m pH Potassium salts of dibasic fatty acids (81) were 

* Reviews by Pillemer (234) and by Heidelberger and Mayer (134) may be consulted for 
an account of the chemistry of complement and a characterization of its various com 
ponents 
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toMo starting r\ith the Cu compound and reaching a point of complete inhibition 
of phagocytosis by a 1 50,000 dilution of the Cis acid None of these mcieased 
phagoej tosis 

Hoder (142) e\posod Staphylococcus aureus to the action of bacteriophage and 
c\en those that were bacteiiophage fast were engulfed more readily than control 
bacteria Similar findings ucre recorded for other species of bacteria Earlier 
uoikors (210) reported the same effect which is apparently due to changes 
induced in the bacterial suifaco 

Hammond and 'Weinmann (120) established the presence of a phagocytosis- 
stimulating factor m the saliva of 41 patients selected at random It i\as 
identified as opsonin on the basis of absorption and heating experiments The 
same authors (127) then compared the phagocytosis in saliva from 18 caries-free 
individuals with that from 10 cases of rampant caries With saliva from the 
former group an average of 37% of the leucocytes ingested bacteria nhile saliva 
from the persons mth caries stimulated an average of 4% of the leucocytes 
Wlien both saliva and serum nere used m the tests a slight inhibition nas noted 
with saliva from caries-free subjects but it was marked when saliva from per- 
sons with rampant canes was used This would seem to be m part a dilution 
effect 

Sugiyama and Takigawa (274) tested the simultaneous uptake of both vital 
dyes and carbon particles by leucocytes and concluded that the specific activitj 
of the cell surface necessary for phagocytosis was not identical with the phe- 
nomenon of supravital staining since dyes were taken up by dead cells and carbon 
entered only living cells 

(2) In VIVO experiments The experiments to be reviened m this section are 
pnmarily qualitative and constitute an approach to phagocytosis that m many 
cases could be made quantitative by use of the technique of Maxfield and Mor- 
tensen (196) For example, avertin (tribromoethanol) anaesthesia, according 
to Aoki (11), impaired the phagocytosis of Staph aureus by guinea pig leucocytes 
nhen the dose nas large enough to cause respiratory diflaculty or cardiac dis- 
turbances, Vilardo (288), on the other hand, reported that subcutaneous in- 
jections of novocain into rabbits increased the phagocytic potency of the leuco 
cytes toward 24 hour cultures of Staph aureus Bgoroff and Lapteva-Popova 
(82) found that acidosis produced by injections of HHiCl lowered the ability of 
the reticulo endothelial system to take up Congo red and depressed the phag- 
ocytic potency of neutrophiles and monocytes The simultaneous administra- 
tion of hydrolytic products of animal organs, containing principally polypeptides 
and amino acids, and NHjCl, resulted in an acidosis which increased the Congo 
red index and strengthened the phagocytic ability of neutrophiles and mono- 
cytes Their untreated control animals had indices that were constant for 10 
days Wasizu and Simizu (291) observed the effect on phagocytosis of the pH 
of India ink injected into expenmental ammals Optimum ingestion occurred 
between pH 6-8, especially around pH 7 4 Values below 6 and above 8 were 
unfavorable for phagocytosis Czekalalowski (56) tested the action of pH on 
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the leucocytes of stored blood ingesting Streptococcus viridans No definite 
effect was observed between pH 6 2 and 9 05. At pH values near 9 and with 
Jong incubation periods, there was a slight tendency for phagocytosis to mciease 

Intiavenous injections of electro-colloidal copper selectively paralyzed the 
reticulo-endothelial system, in expeiiments earned out by Jancsd and Jancsd 
(152) Germanin (the sodium salt of a complex aromatic aminosulfomc acid 
carbamide, also known as suramin sodium), however, caused a marked increase 
in the phagocytosis of trypanosomes in infected animals Since the withdrawal 
of sugar from the animals had the same effect by rendering the trypanosomes 
motionless and thereby susceptible to ingestion, it was thought that germanin 
might inhibit the sugar metabolism of the parasites D6czy (72) (73) found that 
injections of 2 to 3 mg of metallic bismuth, in the form of an oil-soluble salt, 
per kilo body weight into rabbits produced an increase, of several days duration, 
in the phagocytic power of the blood cells This was tested with suspensions of 
Staphylococcus aureus and it was suggested that the therapeutic value of bis- 
muth compounds depended upon this enhancement of the cellular defense as 
well as upon the disinfectant action D6czy and Horvath (76) effectively 
treated rabbits and guinea pigs experimentally infected with Streptococcus 
hemolyticus or Staphylococcus aureus with uhron (dimethyl disulfanilamide). 
The phagocytic activity of the reticulo-endothehal system was depressed when 
a 1% Congo red solution was also admmistered as compared to the activity 
found with uhron alone 

The action of heparin in controlling experimental Streptococcus hemolyticus 
infections in rabbits was investigated by Magerl (192) The treated animals 
survived while the controls died It was shown that the phagocytic activity 
of the leucocytes was markedly stimulated and the autolytic digestion of the 
absorbed bacteria was more rapid m animals receiving heparin than in untreated 
controls Heparin mjections in gumea pigs exerted an unmistakable enhancmg 
effect on phagocytosis The author concluded that this anticoagulant was 
capable of promotmg phagocytosis Rigdon and Schrantz (246), on the other 
hand, could detect no difference m the amount of carbon taken up by cells of 
the reticulo-endothelium m normal rabbits and those given 20 mgm of heparin 
intravenously Pive cc of a 5% salme solution of Higgin’s India ink was in- 
jected by the same route 5 minutes followmg the heparin and the animals were 
sacrificed 30 minutes later This quantity of hepann should be sufficient to 
affect phagocytosis since the blood of the treated rabbits failed to clot comp ® ® ^ 
for a period of 18 hours Rigdon and Wilson (245) had previously detec e no 
effect of intravenous injections of heparin on the localization of neutrop es 
in areas of injury in rabbits Heparm also failed to affect the dwe ° 

an acute inflammatory reaction in the skin More recently, ig on ( 
obtained no evidence that heparin inhibited the phagocytosis o ma arm para 
sites These results are in agreement with those of Boerner an i u pre 
viously referred to in sec 1) who advocated the use of heparm as e es an 
coagulant for quantitative m vitro measurements of phagocytic actm y 

Kelson and White (159) described a new method of treating subacute bacteri 
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cndooarditn m ^hich a combination of Bulfapjridino and heparin were employed 
The rationale behind this therapy was based upon the earlier demonstration bj 
Kinsella (1C3) that the blood of patients with this disease usually had a high 
titer of antibodies for the organism (frequently a strain of Strept vindans but 
many other bactena may bo responsible for the infection) Despite this fact, 
Friedman, Katz and Howell (91) showed that the microorganisms responsible 
would grow' in the serum but were quickly destroyed, even in normal serum, 
w hen w hite blood cells w ere present Thus phagocytic uptake by the leucocytes 
seems to be the basic means of clearing the infection Howciei, as Waitzkin, 
Smith and Martin (289) have described it, the bactena accumulate within the 
margin of the valve cusps and are free from attack by leucocytes arising from 
within the tissue since no blood vessels penetrate to this region and they are also 
secure from antibodies and chemotherapeutic substances m the blood bathing 
the valve from without Usually the bactena he near the periphery of the 
vegetation wluch consists of a mass of fibrin and platelets, an ideal culture me- 
dium and protective barrier, which Duncan and Faulkner (79) have found to be 
absolutely impervious to the sulfonamides Heparin was added to prevent 
fibrin formation, and, as Kelson and ^^^llte put it, m the hope that it would 
“(1) restrict the nidus and culture medium for bacterial growth, (2) prevent 
embolism from the freeing of fresh thrombus, and (3) check the growth of the 
vegetations so that proliferating fibroblasts may fill in the areas thus limited ” 
Numerous reports of clinical tests soon appeared in the literature and when peni- 
cillin became available for civilian use, Loewe, Rosenblatt, Greene and Russell 
(176) used this antibiotic in combination with heparin in a senes of cases 
Seabury (200) has reviewed the results of the different methods of treating sub- 
acute bacterial endocarditis and concludes that heparin should rarely be used 
due to the great risk of inducmg cerebral hemorrhage Dawson and Hunter 
(59) had previously come to the same conclusion Penicillin, and possibly some 
of the newer antibiotics, seems to be the therapy of choice 

Klepsen and Nungester (1G5) found that injections of varying amounts of 
15% alcohol in rats decreased the chemotactic response of polymorphonuclear 
leucocytes toward D pneuraomae This was also observed in human blood to 
which alcohol had been added Smee chromcally intoxicated rats were more 
susceptible to pneumonia, it was suggested that the depressed leucocytic ac- 
tivity was responsible 

Tabusso and Silvani (275) tested the effect of carbon tetrachlonde poisoning 
on the phagocytic values m healthy rabbits and found them to be diminished 
The carbon tetrachloride was introduced through the lungs and skin 
5 Phagocytic Changes in Stored Blood 

At about the time that blood banks came into general use, a knowledge of the 
cellular changes that accompamed the storage of blood became important 
Karavanoff (157) published the results of some of the first experiments on this 
^bject in 1935 The leucocytes were found to retain their phagocytic capacity 
for 4-6 days In the case of infectious diseases requiring transfusions, he recom- 
mended that fresh blood or blood stored no more than 2 days be used Gnoinski 
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(104) made no phagocytic measurements, but he did recoid the many rapid 
qualitative and quantitative changes to which leucocytes were subject during 
storage For example, the neutiophiles decreased from an average of 65% 
to 15% m 3-5 hours and then gradually mci eased up to 94% in 13 days 
MacDonald and Stephen (188) repoited that the leucocytes of blood stored m 
I H T. solution were unable to ingest Staph aibus after 24 hours Kolmer (166) 
tested the phagocytic activity of neutrophiles of citrated human blood kept at 
4 C for Staph, aureus, Strept hemolyticus and E coh Under these con- 
ditions phagocytosis was definitely reduced within 72 hours after collection, was 
maikedly so on or about the fifth day, and was almost totally absent on or after 
the seventh day of preservation. This may have been due in part to deteriora- 
tion of normal opsonins but was primarily due to autolytic and degenerative 
changes in the leucocytes In the case of placental and retioplacental blood 
preserved vnth citrate, Kaiavanov and Baksheev (158) measured a decrease in 
phagocytic activity of the leucocytes during the first day of collection There 
was an mciease on the second day followed by a decline on the third day Phag- 
ocytic function was lost 5-6 days after collection Monocytes retained their 
activity longer than the other cells and retroplacental blood lost its phagocytic 
activity sooner than placental blood. Czekalowski (57) evaluated the effect 
of stoiing blood m a 3.8% solution of sodium citrate on its phagoc 3 d;ic power 
against Streptococcus vindans On about the fourteenth day of storage, phag- 
ocytosis could not be demonstrated. The leucocytes decieased in vitality with 
a weakening in pseudopod formation first appearmg, then motility was lost and 
finally the Brownian movement of cytoplasmic granules disappeared The 
decrease in phagocytosis was directly proportional to the decline in leucocyte 
numbers and was inversely proportional to leucocyte degeneiation The leu- 
cocytes of stored blood lost their phagocytic ability against bacteria opsonized 
by stored plasma on the fifth to eighth day but when fresh plasma was used 
to opsonize the bacteria, it was not lost until the eleventh to fourteenth day 
Thus the normal opsonin declined, but smce the addition of a small amount of 
flesh plasma increased the opsonizing activity of stored plasma, complement, or 
one of its components, seemed also to disappear. On the basis of these results, 
the authoi lecommended that blood stored longer than 24 hours, or 48 hours at 
the most, should not be used in tiansfusions with the object of strengthenmg the 
recipient’s defense against infections In a more recent report, Czekalowski 
(58) has extended the above findings with Strept. vindans to other bacteria, 
including E. coli, Proteus vulgaris, Strept faecalis, Strept. hemolyticus. Staph, 
auieus, and Staph, aibus The medium in which Strept hemolyticus and Staph 
auieus weie grown was shown to contain a factor capable of inhibiting t e p ag- 
ocytic activity of leucocytes, elinunating the weaker cells ® 

aveiage number of bacteiia engulfed Fresh leucocytes were inhi i e s ig y 
if at all by these substances The tendency of leucocytes foi spontaneous phago- 
cytosis ceased duiing the first day of storage The opsonizing ac ion ° ® 

plasma was also leinvestigated and two lands of opsonins were ^ 
was designated as the thermostable “residual phagocjdic factor an e o er. 
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almost five times as strong, required for its activity a factor inactivated by both 
heat and storage of the plasma It is this last factoi that vas icplenished by 
the addition of small amounts of fresh plasma in regenerating the opsonizing 
power of stored blood Heat-inactivatcd plasma could not be restored in this 
•way The “residual phagocjtic factor” possessed no selective activity but nas 
responsible for the “basic” opsonization of vanous species of bacteria 
G The Role of Nutntion m Phagocytic Activity of Tissues 
The importance of nutntion in resistance to infection has recently been re- 
viewed by Schneider (258) There is an enormous literature on the subject but 
much of it IS so contmdiotory that the familiar linkage between famine and pesti- 
lence is, as Schneider puts it, “made conspicuous more by reiteration than by 
demonstration ” In e\en the restneted part of the whole problem which wall 
be dealt with here, there is no uniformity of results It is, moreover, impossible 
in most cases for the remewer to pick out the divergence in procedure or in 
technique that might account for data obtained in what appear to bo essentially 
identical e-rpenments but lead to opposite conclusions Here again, the com- 
ple-uty of this tjpe of m\ cstigation is emphasized along -with the need for more 
critical detailed analyses of the subject 

Findlay and Mackenzie (88) and Workman (30G) were unable to detect any 
change in phagocytosis in vitro in ntamin A or B complex deficient animals 
Rats were used as expenmental anunals and Workman also studied rabbits 
Gellhom and Dunn (98), however, found that the serum of vitamm A deficient 
rats might increase or decrease the normal phagocytic index The increase 
preceded the decrease which came only after prolonged deficiency These 
findings w ere e-xplaincd as the consequence of a rise or fall in antibody production 
ehcited by infectious processes which accompany the deficiency disease Since 
the antibodj production could not keep pace 'with the demands of the organism, 
the pliagocytic index fell In some cases, a fully developed vitamin A deficiency 
was aocompamed by an increased phagocytic activity so that this vitamin was 
not indispensable for antibody production, but with further progress of the dis- 
ease, the decline in phagocytosis was observed The authors used this as an 
explanation lor the fact that the mtamm A deficient rat was more susceptible 
to infections than animals fed normal diets but they offered no experimental 
proof that such was the case They were unable to correlate weight loss or se- 
venty of deficiency symptoms with the changes m phagocytosis The changes 
were shown to be completely reversible when the diet was returned to normal for 
a sufficiently long time In a later publication, Gellhom and Dunn (99) evalu- 
ated the phagocytosis-promotmg power of sera from rats in different stages of 
malnutrition In acute starvation, the decrease m phagocytic index could be 
correlated with body weight loss The increased phagocytic activity observed 
m some of these animals was attributed to the presence of acute infections 
With chronic undemutrition, the phagocytic index also decreased when loss m 
jiody weight was greater than 38% The authors suggested that this may have 
been due to a vitamin A deficiency, rather than to loss m body weight 
Experiments to evaluate the effect of vitamin A deficiency m rats on the in 
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VIVO phagocytosis by the reticulo-endothehal system weie earned out by Gaal 
and Szabo (95) The ingestion of India ink was decidedly decreased in the de- 
ficient animals compared to the contiols It was also seen that the size of ink 
particles ingested was larger in the controls This functional disturbance was 
more pronounced in vitamin A than in vitamin B deficient animals Lawler 
(171) suggested that the gieater susceptibility of vitamin A deficient rats to 
Strongyloides infection could be traced to some impairment in the activity of the 
reticulo-endothehal system Wright (320) came to the same conclusion in his 
work on the relation of vitamin A deficiency to ascariasis in the dog but added 
that the granulocytes also had a lowered capacity Rose and Rose (250) ob- 
tained indiiect evidence that vitamin B (complex) deficient dogs might have a 
less active leticulo-endothehal system since Staph auieus, artificially introduced, 
survived longer in the blood stream of these animals than in isocaloric controls 
Messina and Verga (202) tested the m vitro phagocytic activity of the blood of 
rabbits treated with vitamin C There was an increase in this function, as com- 
pared to normal animals, which was attributed to an elevation in the opsonizing 
power of the plasma Statistical analysis of the data was not attempted 
Naccari (212) also obtained an increase in the phagocytic activity of the blood of 
labbits treated for six consecutive days with 50 mg of ascorbic acid daily 
There was no change, however, in the bactencidal potency of the blood against 
several species of bacteria Tonutti and Matzner (279) found that phatocytic 
cells were loaded vuth vitamin C which they considered essential for the diges- 
tion of ingested mateiial They then made the rather startling conclusion that 
vitamin C deficiency in pneumonia results from increased phagocytosis A 
single experimental observation is used as the basis for a sweeping generalization 
m this case Naraci (213) frequently obtamed a parallel decline in phagocytic 
ability of the blood and the blood ascorbic acid level in the course of measles 
Coi relation between the two facts was implied 

Following the observations by Mills and Schmidt (205) which showed that 
mice kept in a warm humid environment were more susceptible to experimental 
Diplo pneumoniae type I infection than mice in a cool environment, Cottingham 
and Mills (52) studied the effect of environmental temperatures and vitamin 
deficiencies upon phagocytic functions in rats A single deficiency in thiamin, 
riboflavin, pyridoxme, pantothenic acid, choline, or ascorbic acid severe encmg 
to letard growth produced a reduction m phagocytic activity The hig est 
phagocytic function seemed to occur at levels of vitamin intake that ® 

the need for good growth These results have been questioned (218) (131} 
because of the small number of leucocytes examined m evaluating phagocy osis, 
but Mills and Cottingham (207) have defended the reliability of the data Mills 
and Cottingham (206) found a relationship between protein consumption and 
phagocytosis The blood leucocytes of rats kept in an environmen o 
had an optimum activity with 18% dietary protein while the activity increased 
to the highest protein level (36%) used m the study in tropica ea e ime 
requned for the phagocytes to undeigo a change in actmty rom one eve 
another as the nutiitive status was altered fiom adequate to ina equa , or vice 
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versa, vas determined by Cottmgbam and Mills (53) Rats lost weight during 
the first neek on a deficient diet but the blood phagocytes did not become less 
active until the second week and the lowest level of phagocytosis was reached at 
the end of the fourth week The converse of this was found in the blood of rats 
changed from a deficient to an adequate diet in the recovery of phagocytic ac- 
tivity A similar lag in the decline of phagocytosis during the remission of blood 
loss anemia was observed by Derry and Haller (21) (sec below) In the same 
publication, Cottmgham and Mills reported a diminished phagocytic activity of 
leucocytes in malnourished humans Dietary con action and vitamin supple- 
mentation resulted in phagocytic improvement, which, on the average, increased 
linearly from the third week onward, reaching normal levels in about five weeks 

TABLE II 


Phagocytic Activity of ^(a^e Rata on Different Dicta 
from Borry» Davis and Spies (17) 


CXOIT? 

DIET 

U£AN KUltBEX Ot 
BACTEUA nUCOCY 

1 TOSED PEE PMN 

DUfTESENCX OP 
MEANS PSOU 

1 SASAL CKOUr 

PEOSASIE ES 
«OR OP DIP 
PEEENCE X 4 

J 

Basal* 

8 Of ± 0 3G 

1 



, Basal -f casein** 

8 27 ± 0 37 

0 67 

2 00 


Basal + casein minerals*** 

7 89 ± 0 35 

1 05 

2 00 


Basal 4 - casein + B vitammst 

11 Of ± 0 30 


2 10 


Basal + casern + minerals + vita 
mms 

11 74 d= 0 42 

1 

5 80 

2 2t 


* Basal diet 36 6% corn meat, 28 1% enriched white flour, 17 6% pork fat, 18 7% cane 
sugar 

** 18% casein 

•** 4% salt mixture 

t Thiamm, riboflavin, pj ridoxine, inositol (all 0 2 rag per rat per day), Ca pantothenate 
10 mg , nicotinamide 25 mg , and choline 20Q mg 

In a number of unpublished observations by Berry, Davis and Spies the phago- 
cytic activity of neutrophiles from patients with mixed dietary deficiencies was 
found to be lower than that of healthy controls The mean number of bacteria 
ingested by 100 leucocytes in the blood from these patients was frequently 50% 
or more below the control values In rats fed a grossly deficient diet, patterned 
after that consumed by many families in the region of endemic malnutrition m 
Alabama, Berry, Davis and Spies (17) measured a decrease in the phagocytic 
activity of neutrophiles as compared to that m animals on an adequate diet 
Data are shown m Table II There was a deficiency m most of the vitamins of 
the B complex in the first three groups and in protein in only group one Wissler 
focused his attention on the effects of protein depletion upon the response of 
rabbits (309) and of male albino rats (310) to pneumococcal infection There 
was a lowrered granulocytic response in the early stages of infection in themal- 
nounshed rabbits and a negligible amount of phagocytosis in dermal lesions re- 
sultmg from the deficient diet White rats were also found to have an impaired 
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phagocytic function but immunization of the animals was followed by an in- 
creased phagocytic activity An impaired leucopoiesis was also believed to be 
related to the decrease in resistance to pneumonia in the depleted animals 
In contrast with the above results, Gugge^eim and Buechler (122) found that 
the phagocytic activity of the peritoneal fluid in rats suffeiing from various forms 
of nutritional deficiency was not changed In addition, the bactericidal proper- 
ties of the fluid were evaluated and in each case the determinations were made 
following injections of Salmonella typhimunum Deficiency of either thiamin, 
riboflavin or vitamin A lesulted m lowered bactericidal power but the phagocytic 
function remained unimpaired In fact, an increase in phagocytosis accom- 
pamed a prolonged moderate or sudden severe restriction of food intake but the 
bactericidal action of the peritoneal fluid was dimimshed Even protein supple- 
mentation of such a low caloric diet failed to correct the observed changes No 
mention was made of phagocytic studies with blood leucocytes under the con- 
ditions of these experiments nor were quantitative in vitro tests with the exuda- 
tive leucocytes performed 

Colombo (48) noted a moderate increase m complement accompanying mal- 
nutrition in children The phagocytic titers were frequently elevated Riddle, 
Spies and Hudson (243), on the other hand, found a low complement titer m very 
ill acutely deficient patients and a slightly subnormal or normal titer in sub- 
chmcal or imld cases Bieler, Ecker and Spies (25) studied the serum proteins in 
eight cases of hypoproteinemia due to nutritional deficiency and reported that no 
significant variation from normal values in complement titers or m opsonic 
indices were observed All of the cases were also anemic but were selected so 
that none was infected Normal opsonization was also observed by Berry, 
Leyendecker and Spies (20) in their studies on the phagocytic activity of anemic 
blood 

7 Other Factors Modifying Phagocytosis 
a Nervous stimulation Ludany, Buta, and Gyory (180) claimed that as- 
phyxia, by stimulating the s 3 Tnpathetic nervous system, increased the ability 
of serum to promote phagocytosis This effect lasted for 30-75 minutes after 
the animals were restored to normal A 6-15% increase in phagocytosis was 
reported by Golodets and Pushkov (107) when the perfusate of an isolated frog s 
leg, collected during stimulation of the S3rmpathetic nervous system with an in- 
duction coil, was added to a suspension of leucocytes in Ringer’s solution 
increase of this magmtude would demand a rigid statistical analysis Go ® ® 
(106) also stated that stimulation of the sympathetic nervous system increase 
phagocytosis and that acetylcholine in a dilution of 1 : 100,000 ha a sum ar 

effect on the process -vr 

b Endocrines A more extensive treatment may be found m Mu , 
McCutcheon and Luck6 (210) Parodi (226) compared the ability of leucocytes 
from eleven normal dogs and eight hypophysectomized dogs to ingest powdered 
starch An average of 47% of the granulocytes were active in the ormer group 
and 24% were active in the latter Intraperitoneal injections of an alkaline 
extract of the anterior lobe of the pituitary gland increased p agocytosis o 
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nonnal values in the c\penmcntal dogs Tlio elevation began the second day 
after treatment and diminisbed somewhat after bl\ days The action ivas not 
specific because an extract of muscle produced the same effect Intraxenous 
administration of the pituitary extract did not modify phagocytosis and neither 
did the nasal insufflation of a ketone dried anterior pituitary poudei Thyroid 
powder given by mouth raised the phagocytic count The physiological sig- 
nificance of these experiments is obscure Wetrler-Ligeti and Wiesner (307) 
emploj'cd the rate of removal of Congo red from the blood stream in an effort to 
evaluate the influence of several anterior pituitary extracts on macrophagic func- 
tion Certain extracts increased this activity and on the strength of these 
observations a special reticulo-cndotlielial stimulating factor in the pituitary was 
postulated This hardly seems likely in view of the recent work of Gordon 
(109) Gordon and ICatsh (110, 111, 112) These workers, using adult male rats, 
investigated the phagocytic capacity of the reticulo-endothelial cells against 
thonum dioxide in adrenalectomizcd and hypophysectomized animals A 
significant decrease in the uptalcc of thorium by the spleen was observed in the 
former group of rats while no change was found in the quantity of thonum in the 
spleens of animals from the latter group The administration of large quantities 
of whole adrenal cortical extract, but not dcsox'ycorticosteronc acetate, approx- 
imately doubled the amount of thonum in the spleens of treated adrenalecto- 
mized ratswhen compared with that in the spleens of untreated controls, but it was 
less than that found in the spleens of normal control rats Thus, the spleens 
from normal control animals contained 79 12 ±71 mg of thorium per gram 
dried spleen, from untreated adrenalcctomized ammals 25 42 ±25 mg , from 
adrenalectomizcd rats treated with desoxycorticosterone acetate 21 50 ± 2 5 
mg , and from adrenalectomized rats treated with adrenal cortical extract 47 07 
± 5 9 mg Similarly, the admimstration of large amounts of adrenal cortical 
extract to hypophysectomized animals was accompanied by a marked increase 
in the deposition of the thorium in the spleen In this case, nearly three and one- 
half times more metal was taken up by the spleens of these ammals than was 
found in those for both normal controls and in untreated hypophysectomized 
controls It was also observed that chronic starvation, induced in normal 
animals, resulted in a greatly increased uptake of thonum by spleenic tissue 
The conclusion that the adrenal cortex exerts a regulatory influence on the func- 
tional activity of the macrophagic cells seems justified and the hypophysis, if 
involved at all, must act indirectly through the adrenotrophic principle These 
results confirm and extend those of Eeiss and Gothe (241) who reported an in- 
crease in the uptake of lithium carmine m the Kupffer cells of rats following in- 
jections of adrenocorticotrophin 

Hichardson (242) determined the phagocytic power of the leucocytes of dia- 
betic patients, of depancreatized eats and of normal controls Phagocytosis 
did not differ from normal m any case when the blood sugar level and alkaline 
reserve were within the limits commonly found in this condition However, 
m both diabetic patients and depancreatized cats with acidosis or uncontrolled 
diabetes a significant decrease occurred in the phagocytic power of the blood 
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An increased phagocytic activity which occurred in normal controls following 
typhoid vaccine did not occur in the diabetic patients Normal phagocytic 
activity in blood leucocytes also was found by Berry, Davis and Spies (19) in a 
small series of diabetic patients under treatment 
c Leukemia The most extensive study of the phagocytic ability of the circu- 
lating leucocytes in various types of leukemia was carried out by Strumia and 
Boerner (272) Lymphocytic cells, including the lymphoid hemocytoblasts 
(lymphoblasts), never showed any phagocytosis In the granulocytic senes, 
the immature cells such as the myeloblasts and promyelocytes showed a slight 
but increasing phagocytic ability as they became more mature The first 
granulocytic cells to show the characteristically staining granulations (the pro- 
myelocytes) were also the first cells to show definite phagocytic activity in all 
experiments There is a great increase in phagocytosis accompanying the com- 
plete maturation of the cytoplasm, characteristic of the myelocyte, with an 
additional enhancement of phagocytosis occurring m the other granulocytic 
type of cells, namely, the metamyelocytes, cells with rod nuclei, and the poly- 
morphonuclear cells The relationship between the area of cytoplasm and the 
power of the cells to ingest particles was determined for myelocytes, meta- 
myelocytes, rod nuclears and polymorphonuclears but a parallelism existed 
between only the last two The difference in this case was quite small and, 
since the rod nuclear is the youngest cell normally present in the peripheral 
circulation it was concluded that no difference exists in the phagocytic activity 
of these and the more mature cells (neutrophiles) in the blood This conclusion 
has been substantiated in numerous measurements by the authors (19) Eosino- 
philes were found to be phagocytically active but to a lesser degree than either 
neutrophiles or monocytes While a fair percentage of the eosmophiles may be 
active each cell usually contained fewer bacteria than the other cell types A 
similar conclusion was reached by Boerner and Mudd (28) in their study of a 
patient with eosmophiha and has been confirmed in unpublished observations 
by the authors While basophiles are weakly phagocytic, the monocytic cells, 
the blood histiocytes, monoblasts, and monocytes, constantly show activity 
These cells ingested bacteria less readily than neutrophiles but they were more 
phagocytic against collodion granules and carbon pai tides 

Teng and Chung (278), using two cases of myelogenous leukemia as a source 
of blood, confirmed the results of Strumia and Boerner for type I pneumococci 
and Strept hemolyticus Leishman-Donovan bodies were engulfed by neutro 
philes beyond the myeloblastic stage and occasionally by ^sinop i es 
Bonanno (30) studied the phagocytic ability of leucocytes from ve 
chronic lymphatic leukemia and one case of acute lymphatic leu emia e 
blood was incubated with a strain of Staphylococcus aureus for 45 minu es a 
body temperature and he observed a reduced phagocytic power in a cases, as 
compared to normal blood cells Tanahe (277) also reported resu ts es^n la y 
in agreement with the above except that he believed the phagocytic a i y o 
monocytes and neutrophiles was weaker in leukemic blood than in norma oo 
These observations coincide with those of Ebrschberg (141) who urt er sug 



PHAGOCYTOSIS 


205 


gested tliat U\c decreased resistanoo of leukemic individuals vas due to this 
lowered phagocjtic activity of the mature ncutrophiles Ingraham and Wart- 
man (149), interested m the ohemotropism of leucocytes obtained fiora a patient 
vv'ith eosinophilic myelogenous leukemia and from one vnth dermatitis herpeti- 
formis, reported that cosinophilcs exhibited a chcmotactic leaction to bacteria 
as strong as that of normal neutrophiles There was a weaker attraction of the 
eosinoplules by material from an animal parasite, T spiralis, than by Witte’s 
peptone No phagocytic measurements w ere undertaken 

d Anemia In the course of evaluating the in vitro phagocytic power of 
blood from malnourished patients Berry, Davis and Spies (18) noticed th it in 
cases of anemia there was an elevated phagocytosis ns compared to that of noi- 
mal blood Regardless of the type of anemia, including nutritional macrocj tic 
anemia, pernicious anemia, iron deficiency anemia, and macrocytic normo- 
chromic anemia, an increase m neutrophilic activity was found and the magni- 
tude of the effect was rougldy proportional to the seventy of the anemia, as 
shown in Table III As the anemia remitted, cither spontaneously or wath 
specific therapy, the phagocytic activity fell toward normal and even below in 
those cases where malnutrition was also present This may be seen in figures 
1 and 2 In a series of experiments conducted by Berry, Lcyendookcr and Spies 
(20), in an effort to ascertain the source of the enhanced phagocytosis, opsomza- 
tion was eliminated as the cause when it was found that normal leucocytes in- 
gested the same average number of bacteria when thej were suspended m nor- 
mal serum as in serum from anemic patients Leucocytes fi om anemic blood, on 
the other hand, were just as active m normal scrum ns they were m homologous 
serum These results, given m Table Ft'', permitted the conclusion that the 
neutrophiles from anemic blood had undergone some fundamental change 
which could not bo coriclatcd with greater motility but which endowed them 
with greater phagocytic capacities than normal colls This conclusion was 
reached only after the phagocytic system had been adjusted m such a way that 
the number of cells w as comparable in the in v itro tests with normal and anemic 
blood Additional confirmation of this relationship was provided by Berry 
and Haller (21) in experiments wath rats made anemic by blood loss The ani- 
mals were bled by cardiac puncture once weekly for eleven weeks The blood 
withdrawn was used to evaluate the phagocytic activity of neutrophiles and 
was compared to values obtained from a gioup of normal rats Total blood 
cell counts and hemoglobm determinations vv ere also made each w eek Control 
animals were not bled more frequently than once every six weeks By the end 
of this penod, phagocytosis was about 40% lugher m the bled group than in the 
control anunals but there was no evidence of anemia developing under these 
conditions since hematopoiesis kept pace with the blood loss The same ex- 
perimental rats were then bled three times per week for five weeks resulting in 
the development of severe anemia and an increase m phagocytosis that was 
80% above normal Macrophages from a peritoneal exudate stimulated by 
the injection of mineral oil were also nearly twice as active as those from control 
animals at the time when the anemia was most severe Two weeks after the 
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last bleeding the blood picture was normal but the phagocytic values were 
shghtly lower than those for control annuals It was nearer normal after four 
weeks and essentially so after six weeks Macrophages weie phagocytically 
normal after four weeks All data were treated statistically and were highly 
significant at the periods discussed above As a final check on the validity of 
this relationship between anemia and phagocytic function, it was reasoned that 
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animals exhibiting this increased cellular defense activity should be more resist- 
ant against bacterial infection than normal healthy control animals In order 
to test this working hypothesis, Berrj'- and Haller (22) made mice anemic by 
blood loss This was accomplished by removing 2% of the body weight of each 
mouse in blood from the tail twice weekly for mne bleedings At the end of this 
time erythrocyte totals and hemoglobin levels were approximately two-thirds 
of normal while the granulocytes were 61% more phagocytic than those from 

* From reference (18) 
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normal blood The anemic mice i^ere then infected bj mfrapcritoneal injec- 
tion with a suspension of Salmonella tjphimiirium and their sunival ^\as 
compared ivith that of normal mice similarly infected Twenty-eight of the 
63 anemic mice sur\ i\ ed and 14 of 63 control mice surviv ed, ns shown m figure 3 
In a second experiment, the animals were made somewhat more anemic by short- 
enmg the interval between bleedings, and when these were infected 19 of 47 
anemic mice surviv ed and 2 of 48 control mice surviv ed In a third group of 47 
anemic mice, three additional bleedings were performed after the animals were 



z 

ZJ 

o 

u 

7000 ^ 

u 

a 

6000 8 
o 


K oac IN M ILIONS 

A wMite BLOoo ceiu count 

• HtMOG'OBlN IN CCAM^ 

O PffiCtNT IIOQMALJ PmaOOCvTOSIS 

Fig 2 •—Decrease in phagoc>tosis vnth tUerapeuUcalK induced remission in a patient 
With macrocjtic anemia 


irfectcd and onlj' 5 of these survived These results are summarized m figure 4 
the authors point out, these experiments do not prove that the increased 
phagocytic activity of the blood leucocytes observed in the anemic animals was 
responsible for the greater resistance to mouse typhoid but the parallelism was 
ghlj- suggestive of some such relationship Additional incomplete evidence 
for this interpretation was obtained by Sax and Berry (257) when no significant 
antibodv titer against an antigen of killed Sal typhimunum cells 
could be detected in normal and in anemic mice 

* Prom reference (18) 
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7 8 16,300 
5 7 1,600 
7.8 3,850 
7 9 6,200 
is, 500 
'6,050 
7,400 
15,450 

7.900 
[4,050 
j4,960 
[5,960 

5.300 

2.300 

6.900 
|7,360 
16,500 


8 6 18 , 100 
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8 6 (4,500 
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(6,150 
'5,450 
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Macrocytic normochromic 
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Macrocytic hyperchromic 
Microcytic hypochromic, 
renal insufficiency, 
chronic G U infection 
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Microcytic hypochromic 
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tion of Diplo meumnZ ^ acacia medium on the localiza- 

“ae type I in niice, Catron (41) found that the phago- 
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cytic cells and specific antibody response nliicb were responsible for the 
localization and destruction of the bacteria in immunized mice inoculated w itli 


TABLE IV 

The Effect of Normal and of Anemic Scrum on Phagocytic AcUmly of Washed Ncutrophles 


TEST 

KUlilDEK 

PBACOCVTIC ACTinTt OT WASSED 
hoxiiKi ttxmocrtss in 

MACocYTic Acnmv or massed 

1 ANTMIC IXOKOCYTtS IN 

FEE CENT 
WHOLE BLOOD 
' rttACOCYTOSJS 
AKItJaC 


Normal serum 

Anemic serum 

^ Normal serum 

Anemic scrum 

NQEUAL 

1 

2 

3 

4 

5 

6 

1 

4 0 ± 0 2S 

4 0 ± 0 24 

1 10 4 ± 0 07 

12 2 d: 0 08 

195 

2 

2 4 ± 0 23 

2 3 ± 0 23 

4 B db 0 28 

4 6 d: 0 20 

132 

3 

G 0 ± 0 30 

G 2 ± 0 33 

12 3 tfc 0 55 

11 7 d: 0 61 

197 

4 

0 0 ± 0 30 

0 5 ± 0 32 

11 C d; 0 C3 

12 7 d: 0 08 

338 

5 

8 4 ± 0 51 

9 0 ± 0 53 

16 I d: 0 61 

17 1 d: 0 60 

175 

6 

8 4 ± 0 51 

G 9 ± 0 46 

14 8 ± 0 S3 

17 3 d= 0 75 

262 

7 

7 4 ± 0 40 

7 8 ± 0 38 

14 0 ± 0 65 

14 8 d: 0 61 

145 

8 

7 4 ± 0 40 

5 5 ± 0 32 

17 7 ± 0 07 

15 4 d: 0 74 

187 

9 

8 6 ± 0 43 

7 2 ± 0 35 

12 3 d: 0 44 

11 2 ± 0 44 

172 

10a 

7 fl ± 0 61 

13 G rt 0 GG 

12 4 d: 0 51 

11 7 d= 0 41 

173 

lOb 

6 8 db 0 30 

4 2 ± 0 23 

8 2 d= 0 42 

14 7 dr 0 55 

213 
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a ^line suspension of pneumococci were less effective against an inoculation of 
ceJJs suspended in a viscous gum acacia medium The explanation suggested 
* From reference (22) 
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for these observations was the hindrance of diffusion by the viscous medium of 
immune bodies from the tissues into the inoculum which aided the phagocytes 
in overcommg the infection 

A substance separated from the spleen was said by Medvedeva (197) to be 
capable of increasing the phagocytic activity of connective tissue and of raismg 
the opsonic titer of blood when injected into experimental animals L3miphatic 
tissue was endowed with the same properties but its action was always weaker 
An emulsion of the whole non-fractionated spleen was most potent in promoting 
these changes but the spleenic protein alone as well as the non-protein residue 
retained a reduced stimulatory effect on phagocytosis The specificity of this 
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Fig 4 * — Same as figure 1 The arrows indicate the day that the mice in the bled anemic 
group had blood equal to 2 per cent of total body weight removed 

action was not subjected to test by the introduction of other tissue macerates 
nor was the basis for the conclusions completely clear 
8 The Phagocytic System as a Tool 

a In testing antiseptics In the preceding pages, the principal emphasis 
has been on work striving toward an elucidation of the mechanism of phagocyto- 
sis in situations or under conditions of importance to the intact orgamsm in 
health or in disease. This is the category into which most experiments dealing 
with this subject naturally fall but there have been some investigators who have 
recognized in the phagocytic system a convenient means of achieving ot er en s. 
Nye (219) used it in conjunction with other tests in evaluating the in vitro ac- 
tivity of certain antiseptics in aqueous solution Welch (296) subsequently 
recommended the use of whole blood mixed with artificially opsonized Stap y o 


* From reference (22) 
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iocous aureus for testing the to\ic action of germicides The concentration at 
\hioh complete inhibition of phagocytosis occurred provided an mdev of the 
,o\ic effect By companng the indices obtained with guinea pig blood noth 
.hose for human blood it was concluded that the germicide acted on the humoral 
rather than the cellular elements involved m phagocytosis Human blood uith 
its more resistant thermostable opsonin was not as susceptible to the action of 
the test compounds as was the more labile component of complement in guinea 
pig blood which accelerated phagocytosis Welch, Brewer, and Hunter (301) 
reported that this technique enabled them to separate hemolytic complement 
from those components of plasma which brought about the more rapid phagocy- 
tosis (but see section 4c above) Welch and Hunter (299) (300) described im- 
provements m the method of conducting these tests and presented data along 
with Welch and Brewer (302) (303) and Hirsch and Novak (140) on a number of 
different compounds Sixty lots of penicillin sodium from ten manufacturers 
were examined by Welch, Davis and Pnee (304) Since the weight of the peni- 
cillin preparation which completely inhibited phagocytosis was essentially the 
same legardless of the type of potency, it was suggested that the inhibitory action 
resulted from an osmotic pressure effect The concentrations required are not 
obtained m the ordinary clinical use of penicillin 
b In diagnosis of brucellosis Huddleson, Johnson and Hamann (14C) com- 
pared the in vitro phagocytic action for Brucella organisms of oitrated whole 
blood from patients known to have recovered from undulant fever in the past, 
from patients aotix ely infected, and from those with no history of the disease 
The absence of or a low phagocytic activity of the neutrophiles obtained in 
conjunction with a negative allergic skin reaction was taken as evidence for 
susceptibility to Brucella infection A positive skin test accompanied by low 
phagocytic activity indicated the presence of an infection and, as the latter in- 
creased, progress toward recovery was suggested The following year Meyer, 
Stewart, Veazie and Eddie (203) recommended the same procedure in which the 
Brucella suis type culture of organisms was employed When the average 
number of bacteria in 25-SO granulocytes was determmed, the values were less 
than one for controls and vaned from 1 to 28 4 in patients with clinical undulant 
fever or m recox^ered cases Veazio and Meyer (287) substituted heparin for 
citrate as the anticoagulant for the test with the result that indices were more 
reproducible for infected animals and were higher with human blood Vari- 
ability, especially false negatives, was attnbuted to pH changes, partial clotting, 
too long delay, admixture of tissue juices, and length of incubation An ex- 
tensive survey for Brucella infection m 8124 individuals was carried out by Hud- 
dleson, Munger, Gould and Paulson (147) Of these, 845 (10 3%) xvere positive 
by the shn test and 7 1% were classified as infected on the basis of the phago- 
cytic test, 2 7% were immune and 0 52% were questionably immune Twenty- 
five neutrophiles were examined in each of the smears and those containmg 40 
or more bacteria xvere designated as showung marked phagocytosis In those 
objects with a positive skin reaction, a diagnosis of infected was rendered when 
less than 40% of the polymorphonuclear leucocytes shoxved marked phagocyte- 
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SIS, of questionably infected when 40-45% showed marked pbagoc3't(n3dd 
immune if 60% or more showed marked phagocytosis. As a means of speefcj 
up the test and rendering the counts more accurate Cain (35) usedasimpMf; 
solution of toluidm blue in distilled water to stain thick, unfi.\ed smeaisoftl^ 
phagocytic mixture. The cr 3 '‘throc 5 ’tes w’ere hemolj’^zed, the leucocjles wtr 
lightl}'’ stained with none of the granules talcing up the d 3 ^e and thebactenairap 
dark blue. Pervushin (227) reported that the phagocytic test was valuatk 
the diagnosis of brucellosis while Jersild (154) believed that the use of beattf 
patient senim, bacterial suspension and citrated blood without opsonm fita 
some donor revealed the presence of an immune opsonin at a very earlj' staged 
the disease. He recommended these modifications of the ongmal whole bid 
mixture Hunger and Huddleson (211) found that antigemc variants of Ere 
cella were unsuitable for the phagocy'tic test since they were readily ingest } 
the leucoc 3 d;es in normal human or guinea pig blood whereas the norma strain; 


of Brucella were not 

c In testing the immune reaction in pertussis. Bradford and avin { 
observed that the opsono-cytophagic power of the blood mcrease umg 
course of pertussis and that it was generally greater in those who a 
disease than m those W’ho had not. WTien immune blood 
venously into a group of 9 infants, all were found by Bradfor , i 
Slavm (33) to have a higher phagocytic activity against H. per 
muscular administration of adult immune blood or 
yielded less strilcing results but placental extracts produced a denm e 
the phagocytic power of the blood. Kendrick, Gibbs, and P™ -jqqo 
S inger-Brooks and Miller (267) independently reported the increase ^ 
cytophagic titer that accompanied vaccination with H. pe a 
The titer was maintained about 6 months and declined consi era 
of one or two years Both publications mentioned the fact t la in jjggatwe. 
18 months of age the phagocy'^tic powei of the blood was ve^ 

In older children, more and moie phagocyiiosis was observe disea's 

leached at wdiich it was impossible to differentiate those who 
from those w^ho had no record of an attack. 


9 The Role of Phagoc 3 ’'tosis in Disease , discuss 

a Pneumonia It is not the pin pose of the g aspect 

patholog};- of pneumonia Avhich of necessity would include as o 
subject an anal 3 ;'sis of the cellular defense mechanism ^.n the past 
stitute an enoimous undertaking which has alieady been V d for the 

^1 no doubt be done again m the future by those better , ^j^jj-ied out 

^ IS justification, however, foi reviewing some of the recen jjjve 

y Wood and his collaborators since a new type of phagocy o the 

been recognized and their results have appeared, for the J 
Pu cation of Robertson’s (24S) paper on phagocytosis q. 


one of his eaihest papeis Wood (312) studied ^ 
® Pueumococcus pneumonia experimentally 
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•nith lype specific antibody Microscopic examination of the spreading lesion 
in control animals permitted identification of three cliaractonstio zones (1) 
an outer “edema zone” containing many pneumococci floating freely in the 
edema fluid, (2) a middle zone made up of bactciia and actively phagocj'tizing 
Icucocj tes and (3) an inner zone of ad\ anced consolidation u ith many leucocytes 
but no bacteria contained in the alveoli J7o adequate explanation was found 
for the presence of active phagocytosis, presumably occurnng in some cases 
without circulating antibodies, but obviously responsible for the clearing of the 
central part of the spreading lesion A single dose of antipneumococcal scrum 
gnen intra\ enously wthin 18 hours after inoculation protected the rats against 
the infection by agglutinating the bacteria particularly in the edema zone and 
permitting the leucocytes to destroy’ them by phagocytosis The presence of 
specific opsonins greatly accelerated the phagocytic reaction which was ac- 
complished primarily’ by poly’morphonuclcar cells since few’ macrophages had 
appeared by this time in the alveolar exudate In a later publication. Wood 
and Irons (314) examined the effect of sulfonamide treatment instituted 6 hours 
after experimental infection on the pneumonic lesion in rats At the end of 18 
hours, the pneumococci in the edema zone gave evidence of bactenostasis as 
shown by striking morphological changes and by the end of 42 hours of treat- 
ment, the edema zone had disappeared with the bacteria at the margin of the 
lesion having been overtaken by leucocytes There was definite phagocytosis of 
pneumococci m the exudate around the periphery of the lesion No pneumo- 
cocci could be demonstrated by the fourth day and after one week only macro- 
phages remained in the rapidly clearing alveoli Pneumonic rats, previously 
rendered leucopcnic by x-irrndiation, were used to demonstrate more clearly 
the phagocytic reaction in sulfonamide treated animals The lesions were 
relatively acellular but the macrophages present had engulfed large numbers of 
the bacteria after 18-42 hours of treatment The ingested pneumococci were 
ultimately destroyed with the result that the lesions were completely resolved 
Since phagocytosis was observed in the lungs of animals with bacteremia, it was 
suggested that this occurred independent of circulating type-specific opsonins 
Wood, McLeod and Irons (315) then demonstrated that such was the case and 
that the phagocytic mechanism functioned without either opsonization or in- 
jury to the pneumococcus capsule This phenomenon was pursued further by 
Wood, Smith and Watson (316) with the conclusion that phagocytosis results 
from a direct action of the phagocyte upon the pneumococci Phagocytosis in 
the absence of antibody was demonstrated not only in the lungs of living rats but 
also m formalin-fixed lungs, on the surfaces of a variety of tissues both freshly 
removed from the animals and previously “killed” with heat and on the surfaces 
of inert matenals such as moistened filter paper, cloth and fiber glass Smooth 
matenals like cellophane, albumin, gloss and parafiBn failed to support the 
phagocytic reaction Prom these observations, it was inferred that the physical 
character of the surface determined the activity of phagocytes m the absence of 
The so called “surface phagocytosis” was found in additional 
studies to occur only on suitable suifaces while phagocytosis in the presence of 
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opsonins took place while the cells were floating free in a fluid medium Direct 
visual observation of the process of surface phagocytosis revealed that inges- 
tion proceeded only after the pneumococci were trapped by the leucocytes (or 
macrophages) against the alveolar wall Subsequently, Wood and Smith (317) 
reported that bacteria trapped between the surfaces of phagocytic cells could also 
be ingested. Thus intercellular surface phagocytosis along with surface phag- 
ocytosis was believed to play a significant role in removing bacteria from the 
lung during chemotherapy of pneumonia Similar studies on experimental 
Friedlander’s bacillus pneumonia were carried out by Sale and Wood (254), 
Sale, Smith and Wood (255), and Smith and Wood (268) The phagocytic 
reaction m the absence of opsonization was again observed and was considered 
to be the primary factor responsible for the destruction of the microorganisms 
in the lung 

It IS interestmg to note that several years prior to the publication of the above 
work, Wright (319), m a lecture before a group of British physicians, stated that 
he no longer believed serum to be necessary for phagocytosis since m its absence 
he had observed what he termed “spontaneous phagocytosis ” The experimen- 
tal evidence for this contention was not given nor was any reference to it found 
He also claimed that the phagocytes themselves were capable of altering their 
activity imder various conditions It seems to the writers that this is precisely 
the type of change induced m phagocytically active cells in anemia and possibly, 
m the reverse direction, m malnutrition 

If the phenomenon of “surface phagocytosis" is examined in the light of the 
theoretical formulation of Feim (see section 1), one is forced to conclude that 
mechanical stimulation of the leucocyte surface results in a lowered surface 
energy which permits the entrance of the particle (pneumococcus) into the 
cell This seems to occur only at the region of contact between phagocyte and 
surface, and not generally over the entire cell “Smooth” surfaces mcapable of 
eliciting this response would be unable to do so because of the absence of ade- 
quate mechanical disturbance There is considerable experimental evidence in 
various branches of physiology that indicate changes of this type are not un- 
likely By speculating further, one might anticipate that for a given set of 
conditions, variations of relatively small absolute magnitude in surface energy 
of the phagocytic cell would result in inherent differences in their phagocytic 
activity Could this be the immediate basis for Wright’s suggestion that cells 
are not phagocytically equal at all times and the reason leucocytes from anemic 
blood are more active? Until some means of evaluatmg these factors becomes 
available, the actual dynamics of the phagocytic process is doomed to remain m 
the realm of theory 

b Tuberculosis In the following discussion only that part of the literatuie 
on tuberculosis which deals with phagocydiosis will be considered No special 
effort has been made to include all references to the subject 

Albert-Well (4) noticed that phagocytosis of Mycobact tuberculosis by 
polymorphonuclear leucocytes was rapid and general while that by macrophages 
was slow and local The former was considered to be essentially unfortunate 
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because tbc bacilli v\ero cspcmally to\ic for them and the infection was spread by 
the migration of the ncutrophiles containing the microorganisms into the circula- 
tion Therapeusis, therefore, should aim at combatting the polj morphonuclear 
reaction Lurie (181) investigated the fate of living tubercle bacilli in the organs 
of reinfected rabbits and found that tho immunity was a function of the mcieased 
capacity of the mononuclear phagocytes to destroy the bacteria and that it 
vaned with the extent of the primaiy' lesion Polymorphonuclear leucocytes 
were of little importance in this process Lowcnstein (179) measured the up- 
take of starch granules by the phagocytic cells contained m the sputum of 42 
tuberculous and 14 normal individuals after it had been shaken with saline and 
incubated at 37°C for 30 minutes with guinea pig serum as opsonin The 
percent of phagocytosis was greater in those expectorating the large amounts of 
material and both micro- and macrophages were active Caussimon (42) 
compared the phagocytic uptake of virulent Mycobact tuberculosis by poly- 
morphonuclear and mononuclear leucocytes from healthy rabbits or guinea pigs 
with those from animals m an allergic penod There was moderate activity in 
the former case while in the latter the reaction was subject to wide variations 
ranging from intense to feeble to imperceptible but usually offering tho best 
index of the reaction elicited by the allergic state Serum from a tuberculous 
animal frequently endowed leucocytes from healthy animals with increased 
phagocytic ability Too abundant phagocytosis by polymorphonuclear leu- 
cocytes in VIVO caused diffusion of tho tuberculous process This confirmed tho 
observation of Albeit-Weil mentioned above Hotopp and Kahn (144) de- 
termined the fate of pliagooytized acid fast bacteria by the single cell method and 
found that Mycobacterium marinum remained viable inside the living poly- 
morphonuclear leucocyte for a minimum of 20-45 hours, wlule the H-37 strain 
of human tubercle bacilli seemed to be defimtely affected B subtihs, by way 
of comparison, would not grow after being engulfed by leucocytes Clawson 
(47) focused his attention on tho mononuclear cells and noted that the ingested 
tubercle bacilli undergo lysis at a greatlj accelerated rate when immune serum 
IS present at the time of phagocytosis Ko difference was detected in the Ij tic 
powei of monocytes from normal or immune and allergic animals In contrast 
to these studies, Lurie (184) permitted mononuclear leucocytes obtained from 
sterile pleural exudates of normal and tuberculous rabbits to ingest tubercle 
bacilli and carbon particles m vitro in the presence of normal or immune serum 
The fate of these bacilli was determined by inoculating the anterior chamber 
of the eye of a normal rabbit with these monocytes Those from immune ani- 
mals showed greater inhibitory ability than those from normals and cross serum 
reactions did not significantly alter the findings When the tubercle bacilli 
and carbon particles were injected intravenously into normal and immune ani- 
mals and with samples of bone marrow containing the phagocytized bacteria 
and particles collected 2 days later, comparable results were obtained after the 
marrow was introduced into the antenor chambei of the eye Hughes (148) 
tested the ability of the serum of rabbits vaccinated by repeated injections of 
heat-killed tubercle bacilli to promote phagocytosis of the living bacteria by 
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polymorphonuclear and mononuclear blood cells A progressive increase was 
found and the results indicated that the same antibody was concerned m the 
phagocytic behavior of the two types of cells Woodruff (318) inoculated guinea 
pigs intraperitoneally with the H-37 strain of Mycobact tuberculosis At 
first, the bacteria were subject to phagocytosis by neutrophiles. This was 
followed by a period of growth during which no chemotactic influence was 
detected until the final period at the end when the bacilli again attracted the 
leucocytes In guinea pigs rendered hypersensitive to tuberculosis, the period 
of free growth did not occur 

Active phagoe 3 d;osis of tubercle bacilli by migrating cells and fibroblasts was 
observed by Kiraly (164) in tissue cultures of spleen and lungs of guinea pigs 
experimentally infected with bovine-type organisms Epithelial cells, both 
fixed and detached, were also very active phagocytes. The phagocytosis was 
non-specific since carbon particles were engulfed equally as well 

Several studies have been carried out concerning the influence on phagocytosis 
of different types of antigens prepared with Mycobact tuberculosis Shibata 
(266) obtained slight effect when rabbits were given a heated alcohol extract of a 
saponin culture or G bouillon culture of a high virulent strain Dead bacilli 
were active while defatted bacilli, after prolonged hot alcohol treatment were 
not Heat-killed BCG (Bacille Calmette-Gu^rm) strain, Shibata (264) found 
to increase markedly phagocytosis of either virulent or avirulent tubercle bacilli 
The alcohol extract of this strain was also effective in promoting phagocytic 
activity which suggested that the waxy capsule, scarce in organisms from a 
saponm culture, possessed a remarkable antigenic action It was finally shown 
(265) that livmg BCG bacteria were most active in inducing phagocytosis pro- 
moting substances m the blood of immunized animals Torikata and Okumura 
(280) came to the opposite conclusion regaiding the relative antigemc potency 
of living and killed BCG cells since they found that the latter were more easily 
phagocytosed than the former The basis for these contentions seems to be 
more soundly established in the experiments of Shibata Lurie (182) main- 
tained that rabbits vaccinated with BCG are better able to immobilize bacilli 
of reinfection, inhibit their growth, and destroy them by the phagocytic ac- 
tivity of phagocytes which rapidly mobilize for the purpose He also found 
(183) that mononuclear cells derived from actively tuberculous or vaccinated 
guinea pigs exhibited a greater in vitro phagocytic capacity for carbon particles 
than mononuclears from normal animals This relationship also held for the 
ingestion of staphylococci and tubercle bacilli. 

c Streptococcus infections Much of the work done in association with 
sulfonamide therapy centered around infections with streptococci That 
aspect of the subject has been covered in section 4a of this paper 

A minimal number of surviving leucocytes was necessary before Boys and 
Gunn (31) could demonstrate the bactericidal effect of defibrinated blood agamst 
Strept hemolyticus The bacteria were phagocytosed and finally destroyed by 
intracellulai lysis within white blood cells Complement was not required for 
this action and even heating the serum at 68°C for 30 minutes did not impair the 
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bactericidal effect of the restored blood Recent studies by Rothbard (251) 
(252) ha\ e greatly extended this earlier \\ ork In the first place, heparin proved 
to be a more satisfactory anticoagulant than defibrination, potassium and am- 
monium oxalate, or sodium citrate m demonstrating the bactenostasis of group A 
streptococci m the presence of convalescent scrum Blood from the rabbit, 
guinea pig or sheep could not be substituted for human blood in promoting 
bactenostasis vhen human antibody nas used When human leucocytes nere 
mixed uith the plasma of each animal or when leucocytes from each of the 
animals nere mixed -nith human plasma the final preparation uas ineffective 
In contrast to the findings of Boys and Gunn, complement and a thermostable 
factor found in human plasma iiere essential for inhibition of streptococcal 
gronth in the presence of leucocytes and convalescent human serum The 
thermostable component mthstood storage at for 7 neelvs but was destroyed 
by heating at 70°C for 30 minutes It nas also possible to prevent the bacterio- 
stasis under these conditions by the addition of type specific M extracts or 
group-specific C carbohydrates of group A streptococci to the mixture The 
inhibition depended merely upon the formation of a precipitate and it nasnot 
specific with respect to streptococcal type In fact, stained films of blood cells 
treated nith antigen-antibody preparations which formed a precipitate revealed 
neutrophilea and monocytes loaded with largo cytoplasmic vacuoles containing 
the precipitate Such engorged cells were subsequently unable to phagocytose 
streptococci in homologous serum Blood cells treated m the same manner, 
with the exception that no precipitate was formed, were phagocytically active 
against the microorganisms Fmally , leucocytes m the presence of both strepto- 
cocci and antigen antibody precipitate were seen unselectively engulfing both 
types of particles until the capacity of the blood cell had been reached It was 
thus apparent why the bacteria remaining outside the saturated phagocytic 
cells would be free to grow and reproduce 
Seastone (261) called attention to the fact that young streptococci were more 
resistant to phagocytosis than old ones and that the loss in resistance was coin- 
cident with the loss of or partial degeneration of the capsule Homologous 
rabbit antiserum neutralized the anti-phagocytic property of the capsulated 
form in such a way that it appeared to be type specific The absorption of the 


antiserum with an heterologous Strept hemolyticus failed to remove the opsoniz- 
ing property for the capsulated orgamsm That the capsule invariably inhibits 
phagocytosis was shown not to be true for all variants of hemolytic streptococci 
by Ward and Lyons (290) Four variants (designated as F, M, attenuated JI, 
and C) were investigated and both F and M resisted phagocytosis m hunmn 
blood Attenuated M, which had a capsule as well developed as the virulent 
variants, was easily phagooytosed as was 0 which had no capsule Lv ons and 
Ward (186) next observed that an antiserum which protected mice asainst a 
vmilent culture of the M variant of hemolytic streptococci contained a“spe^ific 
opsonin Phagocytosis of the organisms was detected m the p<'nf<ce 3 ra of the 
protected mice An antiserum prepared with the M variant as ant „ 

ized both F and M variants of the strain ” 
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While King, Green, and Henschel (162) detected no negative chemotropism 
to two strains of Strept hemolyticus using rabbit granulocytes, they did find a 
progressive toxic depiession of phagocytosis which varied with the number of 
organisms present McCutcheon, Coman and Dixon (189) reported that cells 
in a peritoneal exudate of rabbits exhibited a negative chemotaxis to some 
preparations of Strept hemolyticus but not to all (For further reference to 
the chemotactic response of leucocytes to bacteria and bacterial products, see 
section 10b ) 

The response of monkeys to primary respiratory tract infection with Group 
C hemolytic streptococci was characterized by Schwab, Saslaw, Woolpert, 
Merino and Doan (259), as consisting of a prompt but fleeting granulocytic 
leucocytosis with an occasional mmor recurrent elevation in neutrophiles The 
phagocytic index was not significantly altered but the cellular reaction was 
thought to be pnmarily responsible for the successful defense against mvasion 
Saslaw and Doan (256) recently determined the role of phagocytosis in resistance 
to reinfection of monkeys with the same microorgamsm They found that a 
greater bacterial phagocytosis occurred under such conditions but that the re- 
sponse was not as great as would be expected from evaluation of the opsomc 
index alone In contrast to the conclusions drawn by Wood in his studies of 
pneumonia (see section 9a) these authors believed the highly specific humoral 
antibodies greatly facilitated the phenomenon of spontaneous cellular phag- 
ocytosis with the result that fewer polymorphonuclear leucocytes were needed 
to combat the second infection than the first They further believed that the 
younger mature neutrophiles were definitely more phagocytic and would un- 
dergo a progressive decline as the individual age increased (See section 7c 
for comparison ) 

d Protozoan infections (1) Malaria de Langen (60) states that, in the 
preparations he examined, neutrophilic leucocytes definitely participated in the 
phagocytosis of malarial parasites Whether this occurs only in exceptional 
cases when the blood is flooded with merozoites or also takes place when there is 
not such massive infection, he was unable to determine He did suggest, how- 
ever, that it was probably an uncommon phenomenon See-Lu (262) believed 
that phagocytosis of malarial parasites occurred only in extremely severe cases 
and shortly befoie death It was seen in 4 cases, three of which weie brought 
to his hospital in a coma, and died without regaining consciousness, and the 
mateiial from the fourth was sent to him from another Chinese province with- 
out the patient having been seen Neutrophiles were principally active, the 
monocytes next and the l 3 miphocytes were limited Dividing parasites were 
frequently seen in granulocytes but they were mostly digested in the monocytes 
with only pigment aggregates remaining No sexual forms were found but the 
schizonts were extraordinarily numerous, about one-fifth of the erythrocytes 
being infected Osgood (223) observed the presence of malanal parasites, in 
all stages of digestion, in neutrophiles from the sternal marrow of each of five 
cases of inoculation tertian malaria studied Most of the phagocytes were staff 
cells but segmented forms and metamyelocytes were also active Peripheral 
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blood smear examinations made at the same time gave no evidence of phagocyto- 
sis except for the occasional prosenco of pigment granules 
The suppression of Plasmodium basilianum infection m various species of 
Panamanian monkeys was attributed to phagocytosis of the parasites, both 
extiacoipuscular (mcrozoites free in the plasma) and all stages of intracorpuscu- 
lar, according to Taliaferro and Cannon (270) This uas accomplished by 
macrophages, primarily of the spleen, to a less extent of the liver and to a still 
lessor extent of the bone marrou During the acute rise of the infection, the 
parasites uere concentrated m the spleen, with some m the liver and bone mat- 
ron, nheie they nere sluggishly phagocj tosed At the ciisis, the plasmodia 
were regionally concentrated in the spleen and held in the Billroth cords but did 
not pass into the venous sinuses They were either agglutinated or adhered to 
the macrophages uhich aggressively ingested them after a da> or tno or some- 
times more The macrophages of the liver and bone marrow nere also more 
phagocytic at this time All stages of parasites in all stages of digestion en- 
gorged the macrophages and the infection uas usually rapidly oxercome, once 
crisis phagocytosis nas initiated After supcrinfection, active concentration 
and phagocytosis began within an hour instead of w’aitmg for several days which 
indicated that acquired immunity took time to develop but responded imme- 
diately, once it was established This immunity depended upon an increased 
rate of phagocytosis by the individual macrophages in the spleen, liver and bone 
marrow and an increased number of macrophages in the spleen and bone marrow 
These findings were confirmed by Tupa and Ciuca (285) m their studies of ex- 
perimental infections of M rhesus with Plasmodium Knowlesi Herrara (130) 
pointed out that active phagocytosis of parasites is one of the chief accompani- 
ments of immunity in malaria and said that this could be especially observed in 
the large mononuclears in malanal blood As he suggested, phagocytic ob- 
servations may serve as a guide to establish the degree of immunity, the type of 
parasite and the approximate size of dose of the medicament 

(2) Trypanosome infections Hassk6 (133) found that tryapnosome infec- 
tions m mice influenced neither the phagocytic ability of the mesenchyme system 
nor the distribution of chemo-therapeutic agents This was in direct contrast 
to the results he obtained m spirochaetal diseases (see below) Jancs6 and 
Janesd (151) reported that m mice, treated for TrjTianosoma brucii infection 
with germamn, the phagocytes of the reticulo endothelial system played an 
important role in the curative mechanism The drug was believed to have an 
opsonm-like action on the parasites which rendered them more easily ingested 
alive by the cells m the spleen and liver Treatment with electro-colloidal 
copper, a recognized poison for the reticulo endothelial system (see section 4c 
(2)), practically eliminated the natural mechanisms of defense wnth the result 
that both phagocytosis of trypanosomes and the production of immune bodies 
were abolished The same general effect was obtained by splenectomy 
Culbertson (54) attributed the gradual increase in resistance with age m rats to 
enhancement in the phagocytic capacity of the host’s 
cells This conclusion was based on the fact that the Kupffer cells of nursling 
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animals were less able to ingest particles of trypan blue than the Kupffer cells 
of older animals 

Neitz (214) observed that large mononuclear and neutrophihc leucocytes 
phagocytosed Piroplasma cams m a case of malignant jaundice in a dog The 
former cells ingested the intracellular parasites while the latter were active 
agamst the extracellular forms Lieu (175) demonstrated that phagocytosis of 
Leishman-Donovan bodies by altered microglia cells occurred upon intra- 
cerebral mjection of non-flagellated forms into Chinese hamsters 

(3) Spirochaete infections Manouehan (194), in a study of hereditary 
syphilis, noticed active phagocytosis of T. pallidum in the placenta while the 
tissues and organs of the fetus were intensively septicemic and showed no signs 
of defense activity He suggested that a substance in placental veins sensitized 
the treponemas and rendered them more easily ingested Cunnmgham, 
Morgan, Tompkins and Harris (55) observed large numbers of phagocytic 
mononuclear cells (clasmatocytes and macrophages) in the lesions of experi- 
mental syphilis in the rabbit. These cells were more numerous than in normal 
tissue and were greatly stimulated in their phagocsrtic capacity 
Relapsing fever hindered the phagocytic ability of the Kupffer cells of the 
liver and of the pen-folhcular cells of the spleen, according to Hasskd (133), 
and also altered the deposition of drugs regularly deposited in reticulo-endothe- 
lial cells This constituted a transitory change, however, for the phagocytic 
action returned to normal a short time after the infection Kritschewski and 
Awrech (169) could detect no phagocytosis of spirochaetes injected into ammals 
immune to relapsing fever This led to additional in vitro and in vivo experi- 
ments in which exudative leucocytes were assessed against Spirochaeta duttoni 
Results showed the phagocytic activity of cells from immune animals, recovered 
from relapsmg fever, to be the same as that of normal animals. Himmelweit 
(139), on the other hand, found that macrophages grown m tissue culture from 
the spleen of normal, immune, and spirochaete infected chickens were more 
active in takmg up the parasites when derived from immune animals He 
also observed immediate phagocytosis of spirochaetes by macrophages of normal 
tissue when immune serum was added This suggested that opsonization by 
anti-spirochaete antibodies was responsible 
e Helrmnthic infection Africa and de Leon (3) studied the mechanism of 
phagocytosis of various helmmth ova under both experimental and natural 
conditions The process by means of which the foreign-body-giant-cells in- 
gested the eggs varied with the size, structure and chemical composition of the 
ova The phagocytes attacking the eggs of Ascaris and Fasciola appeared 
healthier, better nourished and more powerful than those attacking Schistosoma 
eggs These differences were attributed to the variance in potency of toxic 
substances excreted from the ova It was also suggested that the giant cells 
engulfed the foreign bodies and digested them foi nounshment 

f Virus mfections Fairbrother (84) reported experiments which indicated 
that phagocytosis is an important defense agamst vaccmia virus Serum was 
more ob\uously \uncidal when leucocytes were present than when they were 
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absent which implied that the serum sensitized the vaccinia to cellular de- 
struction Sabin (253), however, came to the opposite conclusion His ex- 
periments shoned the leucocytes to be capable of “fixing” the virus but not of 
destroying it since they remained highly infectious for as long as 2-1 hours 
There was no evidence for the belief that the immune serum of an animal ex- 
erted an opsonic action on vaccinia oi that the leucocytes could destroy the 
virus in its presence In a somewhat different approach to the problem, Wilson, 
Saslaw, Doan, Woolpert and Schwab (308) found that infections with influenza 
virus definitely lowered both the cellular and humoral defense elements m 
monheys to reinfection with Streptococcus hemolyticus, group C Doan, 
Saslaw, Beard, Woolpert, Schwab and Merino (71) had previously reported a 
decrease m the opsonocytophagic index under similar experimental conditions 
10 Phagocytosis and Immunity 

In some of the preceding sections of this paper, reference has been made to the 
importance of opsonins in increasing phagocytosis The mechanism of this 
action was considered at length in the review’ of Mudd, McCutcheon and 
Luckfi (210) Cannon (39), as previously mentioned, has more recently em- 
phasized the functional aspects of the humoral defense mechanism which in- 
cluded certain phagocytic relationships Additional phases of this problem, 
not previously treated, vnll be taken up below 

a The importance of strains in determimng bacterial susceptibility to phago- 
cytosis There are undoubtedly many factors govermng the virulence of dif- 
ferent strains of the same species of pathogenic bacteria, as any of the modern 
textbooks of bacteriology will attest The ease with which a strain maybe 
ingested by phagocj tic cells seems to be one of these factors even though all 
the experimental evidence is not in agreement on this point For example, 
Spink (269) found no appreciable difference in the phagocytosis of pathogenic 
strains of staphylococci as compared to non-pathogenic strains He used the 
leucocytes of defibrinated human blood and tested not only strains possessing 
potent hemolytic and lethal exotoxms but young and old cultures as well 
There may have been a lower percentage of active granulooj’tes when pathogens 
were used but the mean number of bacteria per cell was the same with all strains 
Weinbrenner (293) came to the opposite conclusion when he observed more 
phagocytosis of saprophytic Staph albus strains than with virulent Staph 
aureus strains However, the differences in phagocytosis of smooth and rough 
variants of Salmonella enteritidis could not be correlated with differences m 
virulence, surface tension or spontaneous agglutination In spite of the fact that 
physico-chemical factors such as electrolyte balance, pH, osmotic pressure, and 
specific opsonins were show’ll to influence phagocytosis, Weinbrenner maintained 
that biological factors were of primary importance Hale and Smith (124) 
investigated the influence of coagulase on the mgestion of staphylococci and 
found that positive strains in the presence of coagulable plasma were less easily 
phagocytosed than negative strains The initial protection afiorded the bac- 
teria was specific and did not depend upon a physical alteration of the medium 
since other species of microorganisms present at the same time were readily 
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engulfed The inhibitory action was demonstrable with the plasmas of certain 
species not normally coagulable provided a little coagulase activator was added 
to the phagocytic mixture 

Peritoneal exudates from guinea pigs, rich in polymorphonuclear leucocytes, 
were suspended in Locke’s solution by Delaunay (65) to compare the phagocyto- 
sis of smooth and rough forms of Salmonella paratyphi B and Shigella dysen- 
teriae Only the rough forms were taken m and digested while the other types 
were refused Living staphylococci were mgested at the same time the leu- 
cocytes avoided the smooth strains The author attributed the inhibition of 
phagocytosis to a glucide-lipid antigen which coated the bacteria Maltaner 
(193) had similar results with smooth and rough strains of Eberthellea typhi 
since only the latter were vigorously phagocytosed when injected into the peri- 
toneal cavity of normal guinea pigs However, there was no difference in 
phagocytosis of the two strains inoculated into i mm une animals Pike and 
Mackenzie (233), on the other hand, were unable to detect any variation in re- 
sistance to phagocytosis between a smooth strain of Salmonella typhimurium of 
high virulence and a smooth strain of low virulence. In this case, virulence 
was attributed to an unmistakable ability to multiply in the host. Delaunay 
(66) found that a stram of E typhi which contained only the 0 (somatic) and 
H (flagellar) antigens was not phagocytosed until an antiserum containing the 
O antibody or both 0 and H antibodies was added to the mixture An anti- 
serum contammg only the H antibody (the 0 antibody having been absorbed by 
the addition of 0 antigen) had no more opsonizing action than normal non- 
immune serum This demonstration merely confirmed the earlier work of 
Bhatnager (24) and Dennis and Senekjian (69), who had previously shown that 
the 0 antibody and not the H antibody enhanced the phagocytosis of E typhi 
The former writer also stated that phagocytosis was intimately associated with 
agglutmability by 0 antibody since inagglutinable strains were also highly le- 
sistant to mgestion by leucocytes While studying the “VI” antigen of E 
typhi, Fehx and Bhatnager (85) found a poweiful phagocytosis-promotmg action 
of Vi antibody exeited on strains containing the antigen but it was without ef- 
fect on strains devoid of the antigen The Vi antibody proved to be more potent 
in promoting phagocytosis than the 0 antibody, however, there was a summa- 
tion of their action which seemed to be essentially similar, since both depended 
upon the active paiticipation of complement Formohzed Vi antigen was less 
eflScient than the Vi antigen contained in hving virulent bacteria in giving rise 
to antibody capable of increasing phagocytosis, while the agglutinating proper- 
ties of the two antibodies were identical According to Sugie (273), the addi- 
tion of complement was capable of restoring the opsomzing action of typhoid 
immune serum partially inactivated by heat (Sfi^C for 30 minutes) but this was 
not obsen’’ed in heated normal serum A basic difference in the two types of 
phagocytosis was suggested In addition, the antigenic structure of the stram 
of E typhi used in immunization was reported to be important in determining 
the opsomzmg potency of the serum 

In studies of the pathogenicity of various strams of Corynebacteiium diph- 
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therme m guinea pigs, Prskov, Anderson, nnd Poulsen (222) observed that the 
gravis strain was much more resistant to phagocytosis than the intermedius and 
mitis types Orr-Einng (220) camo to the same conclusion after studies w'ere 
made with blood from a number of different persons 

b Anti-phagooytio substances Wliy certain, strains of some pathogens may 
be more resistant to phagocytosis than others may be evplaincd by the tovic 
action exerted by the bacteria or by bactcnal products on the leucocytes Fil- 
trates of staphylococci cultures exert a depressing effect on phagocytosis in vitro, 
according to Pike (232), who also showed that the depressing agent was not 
antigenic, did not deteriorate on standing and was thermostable A similar 
substance was produced by E cob Panton nnd Valentine (22o) compared the 
human lesions produced by staphylococci and found that strains yielding strong 
leucocidins and weak hemolysins were commonly associated with severe acute 
infections and the reverse combmation wnth longstanding superficial infections 
of the sycotic type Delaunay (01) explamcd the greater resistance of immu- 
nized rabbits than of normal controls against intracutaneous injections of 0 1 
cc of a suspension of toxin producing staphylococci as due to the action of anti- 
toxin which permits the phagocytic power of accumulated leucocytes, otlierwnse 
inhibited, to oveicome the bacteria at the site of the inoculation The same 
explanation was given by Stewart (271) m her studies on the mechanism of 
antitoxic immunity in Cl welchu infections m guinea pigs and also by Kropp 
and Smith (170) m similar experiments Hammerschmidt (125) believed that 
the defense against diphtheria depended upon the phagocytic activity of the 
leucocytes and that in normal animals the white blood cells were paralyzed by 
the toxin Immumzation led to neutralization of the toxin which resulted in 
normal phagocytosis without the intervention of phagocytosis promoting anti- 
bodies The experimental evidence for this is not at all clear 
The necessity for the production withm the animal body of two lands of 
antibodies before phagocytosis of virulent bactena, — like pneumococci, staphy- 
lococci and B anthracis— is possible was pointed out by Pettersson (228) 
One of these must first neutralize a "negatactic” substance, produced by the 
pathogen, before the leucocyte can close m on the microorganisms and the 
other antibody must neutralize an antiphagocytic product of the bacteria be- 
fore ingestion can take place Additional expenments (229) indicated the loss 
of antigenic action of the negatactic substance produced by anthrax bacilli from 
heating at fiS^C tor 30 minutes An albumm precipitate obtamed by acetone 
treatment of anthrax pus contamed a negatactic substance capable of inducing 
immunity m animals immunized with solutions of the matenal Subsequently 
Pettersson (231) identified the phagocytosis inhibiting substance from pneumo- 
cocci as the same as Heidelberger’s polysacchande In the same publication, he 
qualified his origmal generalizations concerning the existence of a negatactic 
reaction in all animals as being confined to rabbits and man while in guinea pigs 
and mice, for example, the leucocytes could come into contact with the bactena 
(m this case pneumococci) but could not engulf them because of the action of 
the polysacchande Immunity m these animals would therefoie involve only 
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one antibody as far as phagocytosis is concerned Therapeutic serum for man, 
however, should have both antibodies present so as to render the cellular defense 
mechamsm active (230) In the same yeai, Stevenson and Reed (270) suggested 
that strains of staphylococci possessing high virulence, elaborated a potent hemo- 
lytic toxin which also exerted a negative chemotactic action rather than the dual 
substances postulated by Pettersson The toxins from different bacteria were 
found by Delaunay (64) to elicit all possible types of chemotactic response in 
leucocytes That of Corynebacterium ovis caused an accumulation of poly- 
morphonuclear leucocytes when injected intradermally in guinea pigs, diph- 
thena toxin in non-immunized guinea pigs prevented an afflux of white blood 
cells to the region of injection, and tetanus toxin injected intradermally had 
neither chemotactic nor necrotic action Toxin proteins of bacterial origin 
were also found capable, by Delaunay (64), of inhibiting leucocyte chemotaxis. 
Subsequently, Delaunay, Sarciron, and Pages (67) observed that sublethal 
doses of any glucide-lipid antigen, injected into mice or guinea pigs, rendered the 
animals susceptible to fatal injections with a dose of pathogenic bacteria not 
ordinarily dangerous The antigen was said to inhibit diapedesis of the granu- 
locytes but not to reduce the phagocytic ability of the reticulo-endothehal cells 
for intravenously inj’ected bacteria, dyes or other foreign particles Delaunay 
(62) had previously reported that an antigen of this type failed to alter the in- 
gestion of living staphylococci or anthrax bacilli by leucocytes m a peritoneal 
exudate acting either in vivo or in vitro A summarizing statement by Boivin 
and Delaunay (29) of the importance of inhibition of diapedesis in the pathogenic 
mechanism of bacteria has recently appeared 
c The fate of ingested particles Reference has already been made to differ- 
ences in the speed with which phagocytes kill ingested microorganisms (see 
sections 9b and 12a (1)), however, it should be apparent that generalizations are 
not only rmsleadmg but impossible A number of variables comphcate this 
problem, which, after all, is the final act of the cellular defense mechanism 
The enguKment of a pathogenic bacterium by a leucocyte is merely the step 
that must be accomplished before the bacterium can be destroyed One might 
expect tubercle bacilh to be more resistant to digestion within the phagocytic 
cell, because of its waxy content, than some species of bacteria less well protected 
The various cell types that are concerned with phagocytosis might also differ 
in their digestive capacity When the question of the influence of immunity on 
the ultimate destruction of the microbe is considered, another complication is 
added which must also be taken into account It is not particularly surprising, 
therefore, that relatively few investigations have been focussed on the quantita- 
tive aspects of this problem since abundant qualitative evidence is available 
which proves that destruction ultimately occurs If this is protracted as 
FothergiU, Chandler and Dingle (92) believed m the case of H influenzae, the 
bacteria might merely be protected from the destructive action of the antiserum 
by their refuge within the phagocytes This was suggested as the basis of fail- 
ure fiequently observed in meningitis due to this organism 

The single investigation that was found on the importance of immunity in the 
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digestion of bactcna engulfed by phagocytes is the work of Robeitson and van 
Sant (2-19) The action of macrophages and polymorphonuclear leucocytes 
from normal and immune dogs was compared The cellular exudates wore 
produced by intrapleural injections of eitlici gum arable or aleuronat Ob- 
servations were earned out employing a highly virulent Diplo pneumoniae 
type I Macrophages had a much more pronounced ability to digest the bac- 
teria than the polj morphonuclcars and this diflerence was most marked in the 
presence of opsonic fluids of relatively low concentrations Higher titers re- 
sulted in a more uniform behavior 

Exudates, induced m rabbits, were used by Weiss (294) for determining the 
proteinase and peptidase activity of polymorphonuclear leucocytes, monocytes 
and epithelioid cells A catliepsm was contained m each cell type and a common 
dipeptidasc which hydrolyzed 1-alanyl-glycme hlonocytes w ere differentiated 
from ncutrophiles by the pH at which the dipeptido was split Epithelioid 
cells were comparable m enzyme pattern to the former Hicks and Opie (138) 
demonstrated an increased proteolysis m vitro by splcenio tissue which paralleled 
the increased phagocytosis of red and white blood corpuscles in the spleen after 
intravenous injection of these cells in rabbits The increased proteolysis was 
caused by a proteolytic enzyme present in the macrophages of the organ and it 
was maintained at a high level 0-24 hours following the injection but returned 
to normal after 48 hours No phospho lipid splitting enzyme could be detected 
by Hieks (137) in the macrophages which accumulated around punctured wound 
tracks in the brains of mice 

11 Studies on the Phagocytic Behavior of the Cells of the Reticulo endothelial 

Sjstcm 

Reference has already been made m several preceding sections to the import- 
ant role played by the reticulo endothelial system in combattmg infectious dis- 
eases Only a few selected publications dealing primarily with the phagocytic 
functions of the cells apart from infections will be mcluded in the presentation 
which follows For one of the most comprehensive treatments of this system, 
the reader is referred to JaffC (160) The mflammatory reaction has been re- 
viewed by Menkm (200) (201) 

a Macrophages In an interesting study on tbe involution of the uterus m 
the mouse, Deno (70) desenbed three majoi agencies which participated m the 
process (1) neutrophiles digested and elumnated the cellular debris dunng the 
first 2 days of the puerpenum, (2) the exfoliation of polypoid masses of throm- 
bosed vessels and other necrotic residuum through undermining by the endo- 
metnum dunng the first few days post-partum, and (3) the phagocytosis and 
digestion by macrophages of erythrocytes and other cells or cell fragments after 
the second day following partuntion The injured and disorganized placental 
site was transformed mto the mesometnal reticulo- endothelial nodule eharae- 
tenstic of the puerpenum after a few days The macrophages, filled wath 
hemosidenn formed as a result of erythrocyte digestion, remained in masses at 
the base of the mesentery for several months or possibly for the life-tune of the 
animal These made up the small brown hemosiderotic areas that were visible 
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on the doisal surface of the uterus The exact origin of these cells was undeter- 
mined 

Vassos (286) observed phagocjdosis by macrophages of collagen as well as 
many of the break-down products formed in the base of large peptic ulcers, the 
bed of which undoubtedly had been previously attacked and partly digested by 
gastric enzymes He was unable to ascertain whether the process was destruc- 
tive or reparative 

Macrophages in the lymph nodes m the appendix of rabbits were found by 
Baker and Enticknap (13) to engulf species of bacteria which gave the same 
staining reaction as most of the microbial population in the rabbit’s caecum 
Granulocytes contained bacteria 

It has long been known that the spleen is responsible for the removal of old 
erythrocytes, and possibly leucocytes, from the circulation This phenomenon 
was investigated experimentally by Wehrle (292) Injections of rabbit cor- 
puscles into the blood stream of rabbits resulted in a greatly increased rate of 
phagocytosis which reached a maximum 16-18 hours after the injection It was 
most pronounced in the spleemc cords but occurred to a smaller degree in the 
smuses It has also been recognized for some time that a hyperactive spleen 
may destroy excessive numbers of erythrocytes thus leading to an anemia 
Sennott (263) recently added three cases of hemolytic anemia in the newborn 
to those already reported and found definite evidence of erythrophagocytosis m 
each 

The transformation of histiocytes, which accumulated in the omentum of 
rats following injections of particulate matter, into macrophages was observed 
by Baillif (12) These phagocytes collected just beneath the surface and en- 
gulfed the material entering through and between the mesothelial cells Sec- 
ondary collections appeared about the smaller blood vessels and took up the par- 
ticles which had traversed the vascular walls The taches laiteuses increased 
m size and produced numerous macrophages Marshall (195) recently made 
use of silver carbonate and ammoniacal silver techmques to demonstrate two 
types of argyrophile cells in the lungs of man, the rabbit and the cat These 
cells closely resembled cells of the reticulo-endothelial system elsewheie in the 
body, including microglia (see below), which may be demonstrated in the same 
way These cells stored vital dyes and formed alveolar phagocytes 

A recent study by Houghton (145) on the functional and morphologic be a- 
vior of macrophages m response to antigen has been reported A peritonea 
exudate of rabbits contaming a heavy suspension of cells (78% clasmatocytes) 
was cultivated m Carrel micro-flasks containing a medium of 60% non-immune 
rabbit serum in Tyiode solution Serum residues from the cultures yielded 
immune bodies on the sixth day and precipitins were subsequently obse^e , 
paralleling their appearance in the serum of immunized animals Macrop ages 
were considered responsible for this phenomenon 

b Microglia A number of references and an extensive discussion ® 
nature and ongin of microglia may be found in the paper by Dougherty (78) 
These cells have been classified as part of the reticulo-endothelial system be- 
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cause they are capable of ingesting particulate matter and because their origin 
IS Bimilai to that of other cells belonging to this system Belczky (10), for 
e\ample, reported that phagocytosis of spirochaetes affected by micioglia cells 
was prevalent in the central nervous system of paralytic patients coming to 
autopsy m an institution for the insane 

MogilmtskiS, Zhdanov, and Markuze (208) found, on histological evamination 
of the brams of rats previously sensitized to foreign proteins, and subjected to 
experimental cerebral lesions, more rapid absorption of injured brain substance 
than in rats similarly injured but not sensitized This was attributed to the 
greater activity of the brain pliagocytes in the experimental animals as com- 
pared to the controls The phagocytes were identified as part of the reticulo- 
endothelial system Lcbowich (172) similarly demonstrated phagocytosis by 
microglia cells m experimental lesions of the rabbit brain Dye particles, blood 
pigment granules, and bacteria were ingested by some transitional forms of 
microglia but not by neuroglia and oligondcndroglia cells (for comparison, see 
the woik of Andrew quoted below) 

Dunning and Furth (80) used silver carbonate staining on fixed tissues and 
concluded that the histiocytes in the liver and pentoneal membrane of a chick 
embryo and in the pentoneal membrane of a rnbW are morphologically identical 
with microglia in the brains of chick and guinea pig embryos The behavior of 
these cells m tissue cultures of several organs served as confirmation 
Andrew (7) desenbed neuronophagia by microglia in the cerebral cortex of 
starved mice It was interpreted as essentially a process of cytoly sis of nerve 
cells with the nucleus being the most resistant structure to the process of phago- 
cytosis Normal, or almost normal, nerve cells, as far as structure is concerned, 
were seen being phagocytosed by a single microglia or jointly by 6 or 6 of them 
Purkinje cells were not ingested The same phenomenon was observed in the 
brams of normal senile mice but it is a much slower process than in starving ani- 
mals Andrew and Cardwell (9) were able to demonstrate neuronophagia 
m the human cerebral cortex m senility and m a number of pathological condi- 
tions It was most active in the layer of polymorphic cells Andrew (8) later 
reported that the oligodendrogha earned on a definite phagocytic activity in the 
cerebrum, medulla oblongata, and spinal cord in the mouse during both rapid and 
prolonged starvation Amphicytes were the phagocytic cells in the semilunar 
ganglion 

In cultures of spinal gangha and penpheral nerve cells of 12-15 day cluck 
embryos, Weiss (295) found large numbers of macrophages produced nothin 
2-3 days The cultures were earned on the surface of cover glasses in a liquid 
medium consisting of 1 part of blood serum and 5 parts of Tyrode solution 
Many of the macrophages were seen to onginate by transformation from spindle 
cells of the fibroblast or sheath cell type Ingestion of carmine granules by the 
transformed parts was observed Contact betw een the spmdle cell and a smooth 
surface was said to elicit the formation of the macrophage 
12 Phagocytic Functions m Lower Animals 
a Lower vertebrates (1) Chick embryos For more than a decade the 
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chick embryo and its membranes has been employed as one of the most suitable 
and convenient means of culturing a variety of bacteria, viruses, tumors, etc , 
otherwise difficult or impossible to maintam The name of Goodpasture is inti- 
mately linlced with the development and elaboration of this technique One of 
his important contributions, particularly from the standpoint of the present 
review, was published in collaboration with Anderson (108) in which the chorio- 
allantoic membrane of chick embryos was inoculated with pure cultures of 
pathogenic bacteria as a means of studymg problems of infections, especially the 
early stages of invasion In certain mstances phagocytosis favored rather than 
resisted infection because the bacteria found favorable and possibly necessary 
media for invading the living host 'outhm either mesodermal or epithelial cells, 
or both Organisms of this type mcluded Strept viridans, E typhi, Br abortus, 
and Myco tuberculosis avium Neither Staph aureus nor Strept hemolyti- 
cus appeared capable of growmg in an intracellular medium in this host and were 
destroyed, at least m part, by the phagocytes 
In an earlier study by Heine (135) chick embryos of various ages were injected 
with India ink, mcubated for a short time and then fixed for histological study 
Ink particles were observed in cells m all three germ layers immediately after the 
germ layers were formed This indicated that the acquisition of phagocytic 
ability was not a gradual process durmg development Even in the unmcu- 
bated blastoderm, cells of both ectoderm and entoderm took up mk particles 
In later embryonic stages, the capacity for phagocytosis was gradually restricted 
to mesenchyme and endothelial cells and to leucocytes In young embryos, the 
India ink stimulated within the cells of the ectoderm, amnion and chorion an 
atypical and accelerated proliferation Such cells were also capable of phago- 
cytic activity More recently, Canat and Opie (37) described the inflammatory 
reaction induced m chick embryos by particulate matter and by chemical 
agents Cells havmg the characteristics of histiocytes mgested foreign par- 
ticles and even engulfed and digested erythrocytes and other cells in embryos 
3 days old Granulocytes took httle, if any, part in this reaction and were 
first seen m small numbers at the site of inflammation in embryos 6-8 days 
old Within a few days of hatching, granulocytes assumed the important role 
characteristic of postembryonic inflammation The same authors (38) followed 
the fate of avian tubercle bacilli introduced into chick embryos of different ages 
The large histiocyte-hke cells in young embryos, mentioned above, contame 
great numbers of the bacilli which, in agreement with Goodpasture and Anderson 
(loc cit), were thought to be multiplying intracellularly An mcrease in 
resistance to multiplication and invasion by avian tubercle bacilli parallel t e 
mcrease in number of granulocytes 

(2) Amphibians Comolli and Santoro (50) reported the results of studies 
on the leucocytes of the toad, Bufo arenarum Supravital stains differentiated 
the various types of "white blood cells and amoeboid movements were seen in a 
except the basophiles Phagocytosis of India mk and bacteria was not particu- 
laily active m "^utro but the former was more lapidly mgested m "vivo 

Kaether (156) used intravenous India mlc injections to determine the strengt 
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of the phagocytic reaction of the reticulo endothelial system of the frog, Rana 
temporaria, when various human sera were part of tho suspending fluid Only a 
moderate reaction was observed with the scrum of healthy persons while a more 
potent reaction accompanied the use of serum from cases vnth latent and febrile 
infections In the latter conditions, a humoial activator was postulated as 
responsible for tho greater phagocytic activity 

(3) Rish Phszka (235) immunized carp against Pseudomonas punctata 
infections and, after determining the conditions for obtaining optimum agglu- 
tinin titers, noticed that phagocytic activity also was improved 

(4) Cyclostome Various substances, such as amraoniacal citrate of iron, try- 
pan blue, and bactena, were injected into the body cavity of nmmocete larvae 
of Lampetra planeri (Block) (one of the lamprcjs) by Gdrard (100) in order to 
study the distnbution and function of what he termed the athrophagocytic 
system This was defined as the power of collecting and storing moderately or 
highly dispersed substances Endothelial cells of the cavernous tissues of the 
branchial artenes and the reticular colls of the hematopoietic tissue of the spiral 
value, of the mesonephros, and of the pronephros were found to have athro- 
phagocytic power 

b Invertebrates Starting with Metchnikoff’s theory that tho few animals 
capable of digesting was should be immune to tuberculosis and with Metchni- 
koff’s discovery that tubercle bacilli, injected into the body cavitj of the wa\- 
eatmg Galleria mellonella, were rapidly destroyed by the leucocytes, Biron (26) 
studied the various reactions produced m the same species of caterpillars by siv 
tjpes of Mycobact tuberculosis Vallee, human, avian, piscine, BCG and 
“homogene” Injections of Vallee, human or BCG organisms wore followed by 
active phagocytosis and formation of giant colls and capsules wntbm which the 
bacilli lost their acid-fast property Piscine bacilh produced the same reaction 
and also a marked vacuolization of the phagocytes while the avian strain pro- 
duced a marked vacuolization of the leucocytes but were rarely or never phago- 
cyted They were rapidly lysed by the plasma The "homogenes” bacilli 
were more virulent than any of the other types tested They multiplied in the 
caterpillar's blood and retained their acid-fastness for long periods Cameron 
(36) investigated the phagocytic ability of different cells m the caterpillars of 
Lepidoptera and found the following to be effective (1) lymphocytes, leuco- 
cytes (Cameron's designation), and spherule cells m the blood, (2) pericardial 
cells, and (3) certain cells of the fat body Blood cells were most active, taking 
foreign particles, cells and bactena soon after they were introduced into the 
body cavity While the spherule cells were not actively phagocytic as a rule, 
both Ij-mphocytes and leucocytes were and the proportion of lymphocytes in- 
creased rapidly during the period of ingestion but returned to normal once the 
foreign material had been removed from the blood The pericardial cells were 
phagocytic for some bactena, especially acid-fast organisms which survived 
mtracellularly throughout metamorphosis of the larvae and could be isolated 
from the imago m the living, virulent state A wide range of behavior was 
observed wnth different bactenal infections In some cases the phagocytes 
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engulfed and destioyed the bactena and in others the caterpillars were lolled 
either after phagocytosis or following slight phagocytosis 

Chen (45) experimentally infected fleas (Ctenocephahdes felis) with the laivae 
of the tapeworm Dipyhdium canmum Some of the cysticercoids were de- 
stroyed by leucocytes in the coelomic cavity 
13 Discussion 

The mechanism of phagocytosis seems to be established as a surface energy 
relationship between cells and particles, such that a decrease in energy accom- 
panies ingestion of a particle by the phagocyte The importance of the humoral 
defense in rendermg the particle more susceptible to engulfment by leucocytes 
was emphasized during a period that preceded the years covered by this review. 
Moie recently it has been recogmzed that the cellular defense may act in rid- 
ding the body of a bacterial infection even in the absence of circulatmg anti- 
bodies (sec 9a) This phenomenon of “surface phagoe 3 i;osis” implies that a 
change in surface energy is the result of mechanical forces acting piimarily on 
the phagocyte rather than requiring the mteivention of specific immune sub- 
stances Such a demonstration serves to bring about the reahzation that the 
defense cells are subject to local modifications. There is also evidence from 
several sources that offers strong support to the belief that these cells may pos- 
sess greater or lesser phagocytic ability under certain physiological conditions 
compared to those encountered in normal contiol ammals For example, m 
cases of human anemia, as well as in expeiimentally mduced blood loss anemia 
in rats and mice, the blood granulocytes are more active than in controls with 
normal blood pictures (sec 7a) Certam nutritional deficiencies in human 
beings and in laboratory animals have been reported, on the other hand, to 
diminish the phagocytic fimction of the blood granulocytes (sec 6) even though 
all the experimental evidence on this point is not in complete agieement Quite 
recently, the results of a series of experiments have shown the adienal coitex to 
exert a profound effect on macrophagic activity (sec 7b) so that hypofunction 
01 hypeifunction may accompany, respectively, adrenalectomy oi the injection 
of adrenal cortical extract It was also shown that chronic starvation increased 
the uptake of foreign pai tides by the spleen While these findings weie not 
made with leucocytes, it becomes highly suggestive that the changes induced in 
phagocytosis by anemia and certam t 3 q)es of malnutrition may be related to ad- 
renal cortical function Additional experiments along these lines are mdicated 
with the possibility of explaming not only the reasons for the observed phago- 
cytic changes that accompany these physiological stresses but also for resolvmg 
some of the contradictory results found m the hterature 

The techmque foi studying m vitro phagocytosis has become essentia y 
standardized so that quantitative results can be realized in the hands of compe- 
tent investigators It has been shown that the ratio of number of cells to nunn 
bei of particles is important, temperature must be accurately controlled, and 
agitation of the mixture should be uniform and reproducible from experiment 
to experiment The nature of the test particles themselves has also been found 
to influence the outcome of the test, especially when bactena are being em- 
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ployed Different strains of the same organism may show a wide range of 
susceptibility to phagocytosis and this may be explained, at least in pait, by 
the antiphagocytic substances that seem to be produced by those organisms 
more resistant to ingestion by leucocytes (sec 10a and 10b) These facts 
should be considered m attempting to duplicate experiments This resistance 
to phagocytosis has been attnbuted m some cases to the release of negatactic 
substances but in others the bacteria themselves are not as readily ingested 
even though contacts aie made Docs this imply that differences in surface 
energy may exist in strains of a given species? Additional work is necessaiy to 
clanfy this point 

Closely related to this strain variation in susceptibility to phagocytosis is the 
difference that has been reported in the fate of ingested bnotena While in 
most diseases it is true that the engulfment of bactena by phagocytic cells is 
tantamount to destruction, in others there is the danger of the microorganisms 
remnimng viable within the defense cells and m this way bemg distnbuted to 
other parts of the body where new foci of infection may arise This is es- 
pecially a potentiahty in tuberculosis (sec 9b) but it also has been reported for 
H influenzae (sec lOc) In this connection a bcgmning has been made in re- 
lating the period of tune dunng which bacteria remain viable within the phag- 
ocytic cells to the action of specific unmune serum Antibodies shoiten the 
time required for the destruction of virulent Diplo pneumoniae with macro- 
phages acting more rapidly in the presence of low titers than neutrophilic leuco- 
cytes Higher titers make the different cell types essentially uniform m their 
behavior These observ'ations should be confirmed and extended not only for 
the sake of elucidating the mter-rolationship between the humoral and cellular 
defense mechanisms but also because of their fundamental significance to general 
physiological principles 

Changes in phagocytic functions due to chemical factors are well known, 
particularly in the case of normal and immune serum This opsonizing effect 
seems most likely to be duo to two of the components of complement even 
though some investigators fail to concur (sec 4c) A substance like gastric 
mucin, on the other hand, mcreases the virulence of organisms by rendering 
them less easily phagooyted (sec 4b), while still others, some of which are 
therapeutic agents, are claimed to act as artificial opsonizing agents This 
was the case in a number of the earlier papers on the mode of action of the 
sulfonamides (see 4a) so no conclusions are justified until adequate expen- 
mental \ enfication is available At the same time, certain chemical substances 
capable of lowenng surface tension, may mcrease or decrease phagocytosis m 
vitro depending upon whether the primary action is, respectively, on the cells 
or on the particles bemg mgested (sec 4c (2)) All obsen^ations of this tjqie are 
readily explained on the basis of theory and may be considered as offering sup- 
port for its validity 

There is no reason to question an intimate linkage between cells of the re- 
ticulo endothelial system and the cellular defense mechanism As evidence 
for this, the involvement of the spleen and liver m certain diseases, such as ma- 
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laria and other piotozoan diseases, may be cited (sec 9d) However, there is 
an outstanding need for more quantitative evaluations of this activity under 
various experimental conditions The use of radio-active thorium, discussed 
in sec 2, offers promise of achieving such results but additional work is neces- 
sary The considerable backlog of knowledge upon which additional experi- 
ments with thorium dioxide may be based makes this the material of choice at 
present However, the use of a heavy metal compound that is somewhat toxic 
and IS unlike most materials which macrophages might be expected to ingest, 
raises the question as to how generally applicable the results might be Dyes, 
which have been employed in evaluating macrophagic function, are also open 
to criticism on the grounds that they may be toxic, may diffuse into or out of 
cells, may be chemically altered, and, most important, yield only qualitative 
results Finding a solution to these diflSculties may depend upon the use of 
some other radio-active element which may be incorporated into a more natural 
type of particle for ingestion Additional efforts along these lines are definitely 
indicated 

It IS apparent, therefore, from the work reported in this review that man’s 
understandmg of phagocytic functions continues to expand Much is known 
today but, lilce most aspects of body function in health and disease, the work 
that remains will continue to challenge the skill, patience and ingenuity of many 
investigators for years to come 
14 Summary 

a The change in oxidative metabolism of actively phagocytosing cells in- 
creases slightly if at all This is in agreement with the theoretical formulation 
of Fenn which postulates that phagocytosis is accompanied by a spontaneous 
decrease in free energy of surfaces As this theoiy predicts, certain chemicals 
capable of lowering surface tension increase the ingestion of particles when 
applied to the leucocytes but decrease ingestion when applied to the particles 
Also, the recently described “surface phagocytosis” which occurs in the absence 
of serum but in the presence of suitable “rough” surfaces is believed to con- 
form to this theoretical mechanism of phagocytosis 

b Quantitative measurements of phagocytic activity are obtained by agi- 
tating a mixture of cells and particles m vitro under carefully standardized con- 
ditions and then evaluating microscopically the percent of cells showing inges- 
tion A new technique, based on the rate of removal of radio-active thorium, 
given as a colloidal suspension of thorium dioxide, has been used to deterrnine 
quantitatively the activity of fixed phagocytes in vivo Though this met o 
has not been applied, thorium dioxide alone has been used for some years and 
can be made somewhat quantitative by chemical analysis of selected tissues, 

such as the spleen ^ 

c Phagocytosis increases with temperature up to about 42 C However, 
opsomzation at 37°C gives less phagocytosis than opsonization at 22 C w en 
the final test is performed at 37°C 

Total body x-irradiation results in a rise and subsequent return to normal 
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phagocytic activity of blood ncutrophilcs, ns measured m vitro A second irra- 
diation has the same effect Tliesc observations have not been confirmed 
A linkage between the electric charge of phagocytes and particles has been 
reported but this continues to be problematical 
d The controversy as to whether the sulfonamides act ns phagocytosis pro- 
moting agents or as bacterial inhibitors has been reviewed These drugs are 
now knoivn to be competitive inhibitors but under certain in vitro conditions 
they also seem to enhance phagocytosis Gastric mucin, on the other hand, 
inhibits phagocytosis of some bactena and renders them more virulent Other 
chemical substances arc also described which increase or decrease phagocytosis 
e Stored blood undergoes changes that result m a large decrease in the abil- 
ity of leucocytes to ingest a wade variety of bactena For this reason, blood 
kept for more than a day or two is of little value in bolstering the cellular de- 
fense of a recipient 

f The phagocytic activity of ncutrophilcs decreases with certain types of 
malnutrition but not wath others Cliromc starvation increases macrophagio 
activity Much of this work continues to be controversial and difficult to 
evaluate 

g A number of factors have been reported ns capable of modifying phagocyto- 
sis Stimulation of the sympathetic nervous system increases it, adrenolec- 
tomy decreases it but injections of adrenal cortical extract increases it, leukemia 
decreases it, anemia, all types, increases it, and cholesterol increases it 
h The phagocytic system is of value m testing antiseptics and m the diagno- 
sis of brucellosis It is also a reliable means of determining the susceptibility 
to pertussis 

1 In some diseases, phagocytosis is known to play a major role in limiting and 
overcoming the infection This is especially true in pneumonia and in strepto- 
coccus mfections The sulfonamides and antibiotics hasten recoverj by in- 
hibiting bactenal reproduction but the cellular defense mechanism is ultimately 
responsible for the final destruction of the bactena Tins is also tnie, m part, 
of tuberculosis, protozoan diseases and certain helminthic infections In virus 
infections, the role of the phagocytes is still obscure 
j Strains of the same species of bacteria may exhibit a ivide range of suscepti- 
bility to phagocytosis This is explained m some cases by the production of 
anti-phagocytic substances but in others the diSerence is a property of the bac- 
tenal cells themselves There is also a variation in the tune required for the 
destruction of bactena after they are ingested into the phagocyte Ingestion 
in the presence of immune serum shortens this time The significance of these 
observations to the problem of resistance to disease is apparent 
k The phagocytic behavior of macrophages in such non-infectious conditions 
as involution of the uterus, ingestion of collagen and other breakdown products 
m the base of peptic ulcers, and destruction of old erythrocytes by the spleen is 
discussed The nature and origin of microgha is also considered 
1 The work on phagocytic function m lower animals is presented, including 
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that With chick embiyos which are used for studying problems of bacterial 
infection It is now Icnown that the acquisition of phagocytic ability is not a 
gradual piocess but one that operates from early developmental stages 


BIBLIOGRAPHT 


1 Ado, a D Zeitschr ges exp med , 79 752, 1931 

2 Ado, A D Ibid , 87 . 473, 19B3 

3 Africa, C M and W de Leon Livro jub prof lauro travassos, 1 1, 1938( Biol 

Abst ^1651,1942) 

4 Adbbrt-Weie, J Ann M4d , 30 444, 1931 

5 Alexeieff, a Bull soc path exotique, 26. 909, 1933 

6 Anderson, C G and R K Oag Brit jour exp path , 20: 25, 1939 

7 Andrew, W Jour comp neurol , 70 413, 1929 

8 Andrew, W Am jour path , 17 421, 1941 

9 Andrew, W and E S Cardwell Arch path , 29: 400, 1940 

10 Ano, J Trans Japanese path soc, 18 92, 1938, (Biol Abst 2663, 1935 ) 

11 Aoki, T T6hoku jour exptl med , 23. 105, 1934, (Chem Abst j5?4477,® 1934 ) 

12 Baillif, R N Proc soc exp biol and med , 47* 409, 1941 

13 Baker, F and J Enticknap Nature, 161. 532, 1943 

14 Baldridge, C W and R W Gerard Amer jour physiol , 103 235, 1933 

15 Barbieri, D Arch ital anat e emb , 32* 602, 1934, (Biol Abst 16886, 1935 ) 

16 Belezkt, W K Virchow’s arch path anat u physiol , 288* 346, 1933 

17 Berry, L J , J Davis, and T D Spies Jour lab and chn med , 30 684, 1945 

18 Berry, L J,J Davis, and T D Spies Ibid ,30:910, 1945 

19 Berry, L J , J Davis, and T D Spies Unpublished 

20 Berry, L J , R M Leyendecker, and T D Spies Blood, jour hematol , supp , 

No 1:98, 1947 

21 Berry, L J and E C Haller Ibid, supp , No 1* 108, 1947 

22 Berry, L J and E C Haller Ibid , supp No 1*117,1947 

23 Berry, L J , R W Starr, III, and E C Haller J Bact 

24 Bhatnager, S S Brit jour exp path , 16: 375, 1935 

25 Bieler, M M , E E Ecker, and T D Spies Jour lab and chn med , 32. 130, 

1947 


26 Biron, M Ann inst pasteur (Paris), 63: 404, 1934 

27 Bliss, E A and P H Long Jour amer med ass , 109* 1524, 1937 

28 Boerner, P and S Mudd Amer jour med sci , 189: 22, 1935 

29 Boivin, a and A Delaunay Experientia, 1 262, 1945 

30 Bonanno, a M Boll d’lnstituto sieroterap , 16* 40, 1937 

31 Boys, F and F D Gunn Proc soc exp biol and med , 32: 27, 1934 

32 Bradford, W L and B Slavin Jour clin invest , 16* 825, 1937 

33 Bradford, W L,R Mikell, and B Slavin Ibid , 16. 829, 1937 

34 Brown, H C and J C Broom Trans roy soc trop med and hyg ,28 35 , 

35 Cain, J C Amer jour chn path , tech supp No 2* 146 1938 

36 Cameron, G R Jour path and bact , 38 441, 1934 

37 Canat, E H and E L Opie Amer jour path , 19. 371, 1943 
38. Canat, E H and E L Opie Ibid , 19. 385, 1943 

39 Cannon, P R Physiol rev , 20. 89, 1940 y/oon^u 

40 Castelli, a Bol soc biol concepci6n (Chile), 16: 31, 1942, (Biol Abs sf , 

1944) 


41 Catron, L Jour exp med , 61: 735, 1935. 

42 Caussimon, j Ann m6d , 33. 499, 1933 mryio i 

43 Chadani, R Trans Japanese path soc , 18 . 102, 1928, (Biol Abst ^19743, ' 

44 Chandler, C A and C A Janeway Proc soc exp biol and med , 40: 179, 93 



PIIAGOCiTOSIB 


295 


45 CnEN,H T Lingnansoi jour, 12 43, 1933, (Biol Abst #88-10,1934 ) 

40 Cipoleaho, A C Medical Physics, edited bj Otto Glasscr The Year Book 
Publishers, Inc , Chicago, p 1188, 1041 

47 Claw son, B J Jour intcot dm , 68 04,1030 

48 Colombo, G Giorn battcnol o immunol , 22 403, 1039, (Biol Abst #8100,1939 ) 

49 Coman, V R Arch path , 25 704, 1S3S 

50 CoMOLii, E P 1.ND A S SANTono Rev soc Argentina biol , 16 259, 1939, (Biol 

Abst #8047, 1910 ) 

51 CooPEn, P B AND P Gross Proc soc exp biol and mod , 86 078, 1937 

52 COTTINOIIAM, E AND C A MiLLS Jour immunol , 47 493, 1943 

53 COTTINOIIAM, E AND C A MiLLS Joup lab and dm mod , 30 498, 1945 

51 Culbertson, J T Arch path , 27 212, 1939 

55 CUNNINOHAM, R S , H J Moroan, E H Tompains, and S Harris, Jr Amer 
jour syphilis, 17 615, 1933 

50 CzEKALOWBKi, j W Edinburgh mcd jour , 48 405, 1941 

57 CzEKALOWsKI, J W Ibid , 60 40, 1943 

58 CzEKALOWBKi, J W Ibid , 63 311, 1940 

59 Dawson, M H and T H Hdntlr Ann int mcd , 24 170, 1040 

00 deLanoen, C D Trans roy soc trop mcd andhjg (London), 28 523, 1933 

01 Delaunav, a Rev immunol (Pans), 4 05, 103S 

02 Delaunet, a Compt rend soc biol , 138 729, 1942 

03 Delaunat, a Ibid , 137 90, 1943 

64 Delaunat, A Ibid , 137 205, 1943 

65 Delaunat, A Ibid , 137 351, 1943 

66 Delaunat, A Ibid , 137 425, 1943 

67 Delaunat, A , R Sarciron, and J Paces Ibid , 138 345,1044 

68 Delves, E Jour infect dis , 60 65, 1937 

69 Dennis, E W andH Senekiian Amer jour h>g,26 11,1937 

70 Dbno, R a Amor jour anat , 60 433, 1937 

71 Doan, C A,S Saslaw, M Beard, O C Woolpert, J L Schwab, and C Merino 

Pros soc exp biol and mod , 48 660, 1941 

72 D6 ozt, G Dermatologica (Basel), 80 1939 

73 D6 czt, C Ibid , 80 321, 1939 

74 D6 czt, C and D Horvath Ibid , 79 298, 1939 

75 D6 c 2 t, G and D Horvath Ibid , 79 391, 1939 

76 DOczt, G andD Horvath IGin wochschr,20 365,1941 

77 Domaqk, G Deutsch med schnschr , 61 250, 1935 

78 Douohehtt, T P Amer jour anat , 74 01, 1944 

79 Duncan, C N and J M Faulkner Amer jour mcd sci , 200 492 1940 

80 Dunning, H S and J Purth Amer jour path , 11 895, 1935 

81 Ecker, E E and G Lopez Castro Jour immunol , 66 169, 1947 

82 Eqoropf, a and M Lapteva Popova Acta med scand , 87 345, 1935 

83 Ellingson, H V and P F Clark Jour immunol , 43 54, 1942 

84 Fairbrother, R W Jour path and bact , 36 55, 1933 

85 Felix, A and S S Bhatnaoer Brit jour exp path , 16 422, 1935 

86 Fethke, N Compt rend , 208 1054, 1939 

87 Pethke, N Ibid , 209 250, 1039 

88 Findlat, G M and R Mackenzie Biochem jour, 16 574,1922 

89 Findlat, G M andH C Brown Bnt jour exp path, 16 148,1934 

90 PiNKELSTEiN, R AND J BiRKELAND Scienco, 87 441, 1938 

91 Fleming, A Lancet, 2 564, 1938 

^ ® ^ Chandler, and J H Dingle Jour immunol , 32 335, 

93 Freund, J Proc soc exp biol , 26 876, 1929 



296 


Jj JOE BEERY AND TOM D SPIES 


94 Fhiedman, M , L N Katz, and K Howell Arch int med , 61 95, 1938 

95 Gaal, I AND M Szab 6 Zeit ges exp med , 110 57, 1942 

96 Garschin, W G , M a Zachaejewskaja, and W W Ossinskaja Frankfurter 

zeit path , 49: 252, 1936 

97 Gat, F P and A R Clark Jour exp med , 66: 535, 1937 

98 Gellhorn, E and J 0 Dunn Jour nutrition, 13. 317, 1937 

99 Gellhorn, E and J 0 Dunn Ibid , 14* 145, 1937 

100 Gerard, P Arch biol , 44 327, 1933 

101 Geeshenpeld, L and M J Silver Amer jour pharm , 116: 4, 1944 

102 Glenn, J C , Jr Jour immunol , 62 65, 1945 

103 Glenn, J C , Jr Ibid , 63- 95, 1946 

104 Gnoinski, H Sang , 12: 820, 1938 

105 Goldstein, D H and I Grabf Arch path , 30 701, 1940 

106 Golodets, G G Bull biol med exp U R S S , 11. 84, 1941, (Chem Abst }Jf5922®, 

1944 ) 

107 Golodets, G G and N Pushkov Ibid , 7: 435, 1939, (Chem Abst #495^ 1940 ) 

108 Goodpasture, E W and K Anderson Amer jour path , 13: 149, 1937 

109 Gordon, A S Fed proc , 6: 34, 1946 

110 Gordon, A S and G Katsh Ibid ,?• 42, 1948 

111 Gordon, A S and G Katsh Anat rec , 100: 110, 1948 

112 Gordon, A S and G Katsh Ann N Y Acad Sci In press 

113 Gordon, J Jour immunol , 19 303, 1930 

114 Gordon, J Ibid , 32 375, 1937 

115 Gordon, J , H R Whitehead, and A Wormall Biochem jour , 20: 1044, 1926 

116 Gordon, J , H R Whitehead, and A Wormall Jour path and bact , 32 , 57, 

1929 

117 Gordon, J and F C Thompson Brit jour exp path , 16 101, 1935 

118 Gordon, J and F C Thompson Bnt jour exp path , 17 159, 1936 

119 Gordon, J and F C Thompson Ibid , 18. 390, 1937 

120 Gross, P , F B Cooper and M L Peebles Proc soc exp biol and med , 36: 

311, 1937 

121 Grunke, W Zeit klin med , 130 439, 1936 

122 Guggenheim, K and E Buechleb Jour immunol , 64 349, 1946 

123 Haag, F E Zeit hyg infektionskrankh , 124: 636, 1943 

124 Hale, J H and W Smith Bnt jour exp path , 26. 209, 1945 

125 Hammerschmidt, J Zentr bakt parasitenk , I abt orig , 143: 345, 1939 

126 Hammond, C W and J P Weinmann Jour dental res , 21* 279, 1942 

127 Hammond, C W and J P Weinmann Ibid , 21: 509, 1942 

128 Hanke, H Zeit ges exp med , 86" 623, 1932 

129 Hanke, H Deutsche zeit chir , 239. 363, 1933 

130 Hanks, J A Jour immunol , 38. 159, 1940 

131 Harmon, D R , C Zarafonetis, and P F Clark Jour bact , 62* 337, 1946 

132 Harris, A H and J K Miller Ibid , 41: 495, 1941 

133 Hassk6, a Jour comp path and therap , 46: 230, 1932 

134 Heidelberger, M and M M Mater Advances in enzymology, 8* 71, 1948 

135 Heine, F Roux’ arch entwicldungsmech organ , 134: 283, 1936 

136 Herrera, J R Proc 8th American Science Congr , 6 341, 1942 

137 Hicks, S P Arch path , 42 . 564, 1946 

138 Hicks, S P and E L Opie Amer jour path , 18* 333, 1942 

139 Himmelweit, F Zeit hyg u infektionskrankh , 116. 710, 1933 

140 Hirsch, M W and M V Novak Proc soc exp biol and med , 60. 376, 9 

141 Hirschberg, N Amer jour med sci , 197 706, 1939 

142 Hoder, F Zeit immumtats , 84. 46, 1934 

143 Horster, H and E Dorbath Deutsch arch klin med , 178: 289, 1935 



rnAGOCiTosis 


297 


144 HoTOPr, M and M C Kaii'J Jour infect dis , 68 324, 1930 

145 HouaBTON.B C Proc cent soc elm res, 19 37, 1940 

140 Huddleson, I r ,II W Johnson, AND E E Hamann Aincr jour pub besltlnaS 
917, 1903 

147 Huddixson, I r , M Munofh, S E Gould, and D Paulson Aracr jour trop 
mod and hj g , 17 803, 1937 
14S Huonrs, J Jour immunol , 26 103, 1933 

149 iNOHAiiAM, E S AND W B Wautmav Arcli path , 28 318, 1939 

150 Tapp/, n II Handbook of Bacmalologi, edited by 11 Eouney, Hoober, Ken York, 

\ol 2 973, 1938 

151 JancsO, N AND H Jancs 6 Ann trop mod and parasitol , 28 419, 1934 

152 jANCsd, N AND H jANCsfi Zcit imiDUnitats , 84 471, 1935 

153 JECKELN, E Boitr palb anat u allg path , 94 51, 1934 
151 JrnsiLD, M Acta path ot microbiol scand , 18 103, 1941 
155 JUNa,R W Jour lab and dm med ,21 700,1930 

150 IvAETiinn, II Zeit ges exp mod , 106 571, 1939 
157 KAHAVANorr, G Sang , 9 709, 1935 

I5S Kaeaxanoff, G and N C Baksufex Med exp (Ukraine), 2 30, 1939, (Chem 
Abst » 143', 1910) 

159 Kelson, S R and P D White Jour amer nicd assoc , 113 1700, 1939 

100 Kendhick, P , J Ginns, AND M SpmcN Jour infect dis , 60 302, 1937 

101 Kino, J T Amor jour physiol , 123 119, 1938 

162 Kino,J T,B S Ghfen, andA P Hessciibl Proo soc exp biol andmcd,38 
812, 1938 

103 Kinsella, R a Arch int mod , 19 367, 1917 

104 Kiralt, J Zeit bjg u infektionskrankh ,116 57,1934 

165 Klepsen, R Q and\V J Nungibteb Jour infect dis , 65 190, 1939 

160 Kolmbiv, j a Aiacr lour lucd sci , 197 442, 1939 

107 IxossoviTCH, N AND J Canat Ann inst Pasteur (Pans), 68 09, 1042 
168 KniSHNAN, K V,R N CiiAPnA, and S N Mukiieiuel Indian jour rood ics 23 
253, 1935 

109 KiuTscHEnsEi, I L ANTiW W AnnECH Zeit iminunitats , 80 28,1933 

170 Knopp, B AND D G Smith War med , 1 082, 1041 

171 EAWuen, n J Amer jour hjg,34 65,1041 

172 Eedowich, R j Arch path , 18 60, 1934 

173 Levaditi, C and A Vaisman Comp rend soc do biol , 121 803, 1936 

174 LETENDECKEn, R W andL j BEima Unpublished 

175 Lieu, V L Chinese med jour aupp , 5 ISO, 1940 

176 Loewe,L,P Rosenblatt,H J GnEENE,ANDM Russell Jour imcr med assoc 

124 144,1944 ’ 


177 Long, P H and E A Bliss Jour amer mod assoc , 108 32, 1937 

178 Long, P H , E A Bliss, and W H Feinstone Ibid , 112 115, 1939 

179 LflUENSTEiN, T Zcit ges o\p med, 82 101,1932 

180 Ludane, G , L Buta, AND G GtOri Klein nochschr,17 1290 1938 

181 Lurie, M B Tour o\p med , 67 181, 1933 ’ 

182 Lurie, M B Ibid , 63 923, 1930 


183 Lurie, M B Ibid , 69 579, 1939 

184 Lurie, M B Am jour path, 17 630,1941 

185 Lushbaugh, C and P R Cannon Jour infect dis , 71 33, 19J2 

186 Leons, C and H K Ward Jour exp med , 61 531, 1935 ' 

187 Maaloe, 0 On the Relation between Alexin and Opsonin Munksgaard Cone. 

bagen, 19-16, (quoted b> reference 134) ^ ^ 

188 MacDonald, A and G M Stephen Lmect, 2 1169 1939 

189 McCuTeHE0N,M ,D R Coman and H M Dixon Arch path ,26 760 1038 



298 


L JOE BERRY AND TOM D SPIES 


190 McIntosh, J and L E H Whitby Lancet, 1 431, 1939 

191 McKinney, R A and R R Mellon Proc soc exp biol and med , 37; 333, 1937 

192 Magerl, J F Zeit immunitats , 101: 168, 1941 

193 Maltanbr, F Jour immunol , 26: 161, 1934 

194 Manohelian, Y Gynecol et obstetr , 26: 10, 1932 

195 Marshall, A H E Jour path and bact , 68: 729, 1946 

196 Maxfield,F a and 0 A Mortensen Jour appl physics, 12. 197, 1941 

197 Medvedeva, N Jour med (Ukraine), 10- 1453 1940, (Chem Abst ;^164^ 1943 ) 

198 Mellon, R R , P Gross, and F B Cooper Jour amer med assoc , 108 1858, 

1937 

199 Mellon, R R and R A McKinney Proc soc exp biol and med , 42 677, 1939 

200 hlENKiN, V Physiol rev , 18: 366, 1938 

201 Menkin, V Dynamics of Inflammation, Macmillan, New York, 1940 

202 Messina, L and G Verga Giorn batten ol immunol , 19 850, 1937, (Chem Abst 

,^8039^ 1940 ) 

203 Meyer, K F , B Stewart, L Veazie, and B Eddie Proc soc exp biol and med , 

32* 284, 1934 

204 Miller, C P and R Castles Jour infect dis , 68. 263, 1936 

205 Mills, C A and L H Schmidt Am jour trop med , 22: 655, 1942 

206 Mills, C A and E Cottingham Jour immunol , 47 503, 1943 

207 Mills, C A and E Cottingham Nutntion rev , 3 63, 1945 

208 MoGiLNiTSKifi, B N , I M Zhdanov, and P P Markuze IClimcheskaia meditsina 

(Moscow), 11: 679, 1933, (Biol Abst 11811, 1935 ) 

209 hluDD, S Cold Spring Harbor Symposia on Quantitative Biol , 1 77, 1933 

210 Mudd, S M , M McCutcheon, and B Luck 6 Physiol rev , 14: 210, 1934 

211 Mtjnger, M and I F Hhddleson Jour bact , 36: 255, 1938 

212 Naccari, A Boll ist sieroterap , (Milan) 20 161, 1941, (Chem Abst 3480®, 1943 ) 

213 Naraci, K Giorn battenol immunol , 29. 561, 1942, (Chem Abst i? 5287®, 1944 ) 

214 Neitz, W 0 Onderstepoort jour vet sci and ammal indust , 10 33, 1938, (Biol 

Abst ^13375,1938 ) 

215 Nordenson, N G and N Heidenstrom Acta med scand , 109; 566, 1942 

216 NengesteHjW J,A A Wolf, and L J Jourdonais Proc soc exp biol and med , 

30. 120, 1932 

217 Ntjngester, W J , L F Jourdonais and A A Wolf Jour infect dis , 69. 11, 

1936 

218 Nutrition rev , 2* 232, 1944 

219 Nye, R N Jour amer med assoc , 108. 280, 1937 

220 Orr-Ewing, j Jour path and bact , 68 167,' 1946 

221 Qrskov, j Rept proc 3rd International Cong Microbiol , p 771, 1939 

222 Qrskov, j , E K Andersen and J V Poulsen Acta path microbiol scand , 

181, 1944 

223 Osgood, E E Proc soc , exp biol and med , 33; 219, 1935 

224 Osgood, E E and I E Brownlee Jour amer med assoc , HO 349, 1 

225 Panton, P N. and F C O Valentine Lancet, 1* 506, 1932 

226 Parodi, A S Compt rend soc biol , 121: 363, 1936 

227 Pervushin, B P Arch sci biol (U S S R ), 66; 17, 1939, (Chem s , 

1940 ) 

228 Pettersson, A Zentralbl bakt I abt orig , 144. 83, 1939 

229 Pettersson, A Zeit immumtats , 96* 147, 1939 

230 Petterson, A Acta path microbiol scand , 17: 273, 1940 

231 Pettersson, A Zeit immumtats , 99; 142, 1940 

232 Pike, R M Jour immunol , 26: 69, 1934 

233 Pike, R M and G M jMackenzie Jour bact , 40: 171, 1940 

234 PiLLEMEB, L Chem rev , 33. 1, 1943 



PHAGOCYTOSIS 


299 


235 Plibzka, r Zcntralbl bakt I abt orig , 143 451, 1939 

230 PoULu, E K AND G UiTctuE Am J Roentgenol and Radium Thorap , 41 950, 


1939 

237 Reed, G B andJ H Onn ■\Varmcd,2 639,1942 

238 Reid, R D Proc soc e'cp biol and med , 41 437, 1939 

239 Reieer, L aedO PiscBEn Zcit immunitats , 61 317,1929 
210 Reis Lit, L audH Korr Ibid, 61 397,1929 

241 Reiss, M and I Gotiib Endokrinologie 19 148, 1937 

242 RicHAnDSON, R Am jour med sci , 204 29, 1012 

243 Riddel, J W , T D SriEs, and N P Hudson Proc soc c\p biol and mod , 46 

3G1, 1940 

244 Riodon, R H Jour lab and elm med , 29 840, 1044 

245 Riodon, R H and H Wilson Arch surg , 43 04, 1941 

240 Riodon, R H and E S ScimANTZ Ann surg , 116 122, 1942 

247 Rischke, K Prankfurtcr jeit path , 45 557 , 1934 

248 Robebtson, 0 H Phvsiol rev , 21 112, 1941 

249 Robebtson, 0 H and H \ an Sant Jour immunol,S7 571, 1939 

250 Rose, S B and W B Rose Jour infect dis , 59 174, 1936 

251 Rothbabd, S Jour e\p mod , 82 107, 1945 

252 Rotbeabd, S Ibid , 82 119, 1045 

253 Sabin, A B Brit jour o\p path, 16 158,1035 

254 Sale, L , Jr and W B Wood, Jb Jour cip mod , 86 239, 1947 

255 Sale, L , Jb , M R Smitu, and W B Wood, Jr Ibid , 86 249, 1047 

256 Saslaw, S and C A Doan Jour lab and elm med , 32 878, 1047 

257 Sax, M F andL J Berry Unpublished 

258 Souneider, H a Vitamins and hormones, 4 35, 1046 

259 ScmVAD, J L , S Saslam, 0 C Woolpert, C Merino, and C A Doan Proc 

soc exp bioi and med , 48 600, 1941 

260 Seabbry, j H Arch int mod , 79 1, 1947 

261 Seastone, V Jour bad , 28 481, 1934 

262 See Bt), H Arch scbiffs u tropcn hyg , 38 249, 1034 

263 Sennott, j S Am jour dis child , 71 269, 1940 

264 Shibata, J Kekkaku, 13 fll), 1935, (Chem Abst »3810*, 1938) 

265 SniBATA, J Ibid, 13 (11), 1935, (Chcm Abst 3810>, 1938 ) 

266 SiUBATA, J Ibid , 13 (10), 1935, (Chcm Abst J(I3810’, 1938 ) 

267 Sinoer Brooks, C and J J Miller, Jr Jour dm in\e3t,16 749, 1937 

268 SsuTH, M R AND W B Wood, Jb Jour exp med , 86 257, 1947 

269 SriNK, R W Proc soc exp biol and med , 40 549, 1939 

270 Stevenson, J W andG B Reed Jour bad , 40 239,1940 

271 Stebart, S E Public Health Rep , 68 1277,1943 

272 Stbumia.M M andP Boebner Am jour path, 13 335,1937 

273 SuoiE, E Saikingaku Zasshi, 517 1, 1939, (Biol Abst *13496, 1939 ) 

274 SnoiYAMA, S and T Takioaxva Trans Japanese path soc , 20 405. 1930 fBinl 

Abst * 16811, 1934 ) ’ 

276 Tabusso, L AND A G Siliani Arch itnl med sper,2 HJS, 1938, (Chem Abst 


276 TAUAFEnno, W H and P R Cannon Jour infect dis , 69 72 , 1930 
^7 Tanaue.T Nagoya jonr med 8ci,12 55, 1938, (Biol Abst *12539,1942 ) 
crn and H L Gbuno Proc soc exp biol and med, 39 156, 1938 

270 Tonutti, E and K H Matzner Iflin wocbschr , 17 63, 1938 
^ Torikata, R and Y Okukura Zcntrulbl bakt I, abt orig , 137 58, 1936 
ruKEY, J W Personal commumcation 

282 TuvNicuFr,Il Jour infect dis, 64 59,1930 

283 TuNNicLirr, H Ibid , 66 148, 1940 



300 


L JOE BERRY .VXD TOM D SPIES 


2Si Titnnicliff, R Ibid , 66: 1S9, 1940 

285 Tcpa, A axdM Ciucv .^rch Roumaines path exp etmicrobiol ,11:39, 19J8 

286 Vassos, G , Jr -\rch path , 30; S6S, 1940 

287 Veazie, L axd K F Meyer Proc soc exp biol and med , 32; 284, 1935 

288 Vilardo, S Gior. batteriol e immunol , 20; 1201, 1938, (Biol Abst S11801, 193?) 

289 Waitzkin, L,R H Smith .and W B I^Iartin Ann int med , 16. 356, 1942 

290 W.ard,H K and C Lions Jour exp med , 61: 515, 1935 

291 Wasizc, H and M Simizu ZjTizenkai zassi, 45; 1()6S, 1940, (Chem Abst ^5o69', 

1942 ) 

292 Wbhree, H Arch path , 26: 514, 193S 

293 Weinbrenner, K Zeit immunitats , 83: 437, 1934 

294 Weiss, C Am rev tnberc , 39: 228, 1939 

295 Weiss, P Anat rec , 88 205, 1944 

296 Welch, H Jour immunol , 37; 525, 1939 

297 Welch, H Jour bact , 37. 109, 1939 

298 Welch, H , J A Wentworth, and F L Mickle Jour amer med assoc ,111:226, 

1938 


299 

300 

301 


Welch, H and A, C Hunter Jour bact , 39: 337, 1940 
Welch, H and A C Hunter Am jour pub health, 30 129,1940 

Welch, H , C M Brewer and A C Hunter Jour immunol , 38 273, 1940, 

302 Welch, H , C M Brewer, etc Ibid , 43- 25, 1942 

303 Welch, H , C M Brewer, etc Am jour, pub health, 32* 261, 1942 

304 Welch, H , R P D.avis and C W Price Jour immunol , 61; 1, 1945 

305 Wen, I C and T S Jung Chinese jour physiol , 8: 85, 1934 

306 WERK.MAN, C H Jour infect dis , 32. 263, 1923 

307 Wetzler-Ligeti, C and B P Wiesner Endocrinol , 22; 694, 1938 

308 Wilson, H E , S Saslaw, C A Doan, O C Woolpert, and J L ScavrsB 

exp med , 85' 199, 1947 

309 Wissler, R W Jour infect dis , 80: 250, 1947 

310 Wissler, R W Ibid , 80. 264, 1947 

510 B , Jr Proc soc exp biol and med , 46: 348, 1940 

51Q w ® Jour exp med , 73* 201, 1941 

Q 1 A B,Jr,M R Smith, and B Watson. Science, 104; 28, 1910 

QIC B,Jr and E N Irons Jour exp med , 84. 365, 1946 

315 Wood, W B , Jr , c McLeod, and E N Irons Ibid , 84 377, 1946 
V? ^ B , Jr , M R Smith, and B Watson Ibid., 84: 387, 1946 

YD’°°°’ ® > Jk , M R Smith, etc Science, 106* 86, 1947 

318 Woodruff, C E Am jour path , 10: 739, 1934 
Wright, A Bnt med jour , 1; 50, 1942 


319 


321 ^ Jour parasitol , 21: 433, 1935 


321 

322 


parasitoi , :5i: 433, 1935 , -lo 1047 

C , D R Harmon, and P F Clark Jour bact , 63. 343, ^ 
OFF, V AND H Gorbatcheff Compt rend soc biol , 136 615, 



THE COURSE OF CIRRHOSIS OF THE LH^ER IN PATIENTS 
TREATED WITH LARGE DOSES OF LDT3R EXTRACT 
; INTRAVENOUSLY 

A Studt of 112 C\ei.s 44 Comroi- Cases, G8 Cases Treated 
' I OTTH Liver ExtriVCt Intravenously 

ELA1^E P RALLI, STEPHEN H LESLIE, GEORGE 11 STUECIC, Jn , 
HAROLD E SnORR, JAMES S ROBSON, DELPHINE H CLARKE 
AND BERTRAM LAKEN 

From the Dcparlrncnt of Jfcdicinc, Nao lor/ Umiersity College of MedieinCf 
The Third (New York Umiersity) Medical Division, Bellevue Hospital, 
and the Medical Scnices of the Lenox Hill Hospital, New Yorl City 

In a disease involving an organ mth as many functions as the liver, treatment 
obviously cannot be confined to a single therapeutic measure Proof of this is 
provided by reports of the various methods of therapy used in the treatment of 
’ cirrhosis of the brer Beginning mth the outstanding contribution of Patek in 
1937 (1) in which therapy consisted of a highly nutntious diet, plus Valentine’s 
['U\cr extract, Vegex, and vitamin Bi, the reports of the treatment of cirrhosis 
. ' have included chohne, methionine, hver extract, various concentrations of all the 
, ' vitainins, large amounts of dned breners yeast, Ion sodium diet, mercunal diu- 
retics, and testosterone propnonate (2-11) In all of the studies not one, but 
1 a combination of several therapeutic agents has been used This is under- 
standable owing to the seventy of the effects of the disease It is difficult to 
evaluate the effectiveness of any single therapeutic measure m a disease with such 
widespread effect, not only are many years of observation required, but at best 
, the outcome can only be defined as “improved”, for it seems unlikely once the 
hver parenchyma has been replaced by fibrolic tissue that it will ever return to a 
completely normal state One purpose of treatment, directed speoifically to the 
hver, IS the stimulus to regeneration of any normal remaining liver cells For- 
(I funately the parenchymal hver cells have an unusual capacity for regeneration 
(I2~15) and beeause of this a reasonable return of function may occur in spite of 
the conbnued presence of fibrosis Therefore substances that contain growth- 
promoting factors such as yeast, the fractions of the vitamin B complex, and liver 
j extract seem particularly indicated in the treatment of the disease 
j Present Study We are reporting the results of 9 years’ observation on pa- 
tients With cirrhosis of the liver, associated in almost all cases with a history of 
chronic alcoholism The patients are divided into 2 groups Both groups re- 
ceived a nutritious diet consisting of carbohydrate varying from 350-400 gms , 
protein ranging from 90-140 gms , and fat averaging about 120 gms The 
patients in Group I received ntamm B,, nicotinic acid, riboflavin, vitamin C, 
and Vitamin A in large doses by mouth, intramuscularly, and, in the case of the 
rst 4, also intravenously Therapy with the vitamins was begun intravenously 

or T*"* was aided by grants from the Nutrition Eoundation and the Lederle Lab 
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In a disease involving an organ wth as many functions as the l»'er, treatment 
obviously cannot be confined to a single therapeutic measure Proof of this is 
provided by reports of the various methods of therapy used in the treatoent of 
cirrhosis of the hv er Beginning wth the outstanding contribution of Patek in 
1937 fl) in which therapy consisted of a highly nutritious diet, plus Valentine s 
liver extract, Vegev, and vitamin B„ the reports of the treatment of cirrhosis 
have included choline, raethiomne, liver extract, various concentrations of all the 
vitamins, large amounts of dned brewers yeast, low sodium diet, mercunnl diu- 
retics, and testosterone proprionate (2-11) In all of the studies not one, but 
a combination of several therapeutic agents has been used This is under- 
standable on mg to the severity of the effects of the disease It is difficult to 
evaluate the effectiveness of any single therapeutic measure m a disease with such 
widespread effect, not only are many years of observation required, but at best 
the outcome can only be defined as “improved”, for it seems unlikely once the 
liver parenchyma has been replaced by fibrotic tissue that it will ev^er return to a 
completely normal state One purpose of treatment, diiected specifically to the 
hver, IS the stimulus to regeneration of any normal remaining liver cells For- 
tunately the parenchymal hver cells have an unusual capacity for regeneration 
(12-15) and because of this a reasonable return of function may occur in spite of 
the continued presence of fibrosis Therefore substances that contain growth- 
promoting factors such as yeast, the fractions of the vitamin B complex, and hver 
I extract seem particularly indicated in the treatment of the disease 
' Present Study We are reporting the results of 9 years’ observation on pa- 
tients with cirrhosis of the liver, associated in almost all eases with a history of 
chronic alcohohsm The patients are divided into 2 groups Both gioups re- 
ceived a nutntious diet consisting of carbohydrate varying from 350-400 gms , 
protein ranging from 90-140 gms , and fat averaging about 120 gms The 
pabents in Group I receivxd vitamin Bi, nicotinic acid, riboflavin, vitamin C 
and vitamin A m large doses by mouth, intramuscularly, and, in the case of the 
first 4, also intrav enously Therapy with the vitamins was begun intravenously 
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and continued intramuscularly until the patients were able to take the medica- 
tion by mouth In addition many of the patients in this group received a crude 
liver extract in doses of 5 to 10 cc. weekly, intramuscularly The patients in 
Group II were treated similarly but the hver extract was given in very large doses 
intravenously The hver extract for intravenous use was made available to us in 
October of 1942 by the late Dr. Charles Hoagland of the Rockefeller Institute 
This extract was used until November, 1944, at which time the hver extract was 
provided to us by the Lederle Laboratories In beginning therapy with liver 
extract intravenously, the following procedure was followed the patient was 
tested for sensitivity by injecting 0 5 cc. intramuscularly If no reaction was 
noted, 0 1 cc of hver extract, diluted with 20 cc normal saline, was given intra- 
venously The following day 0 5 cc was diluted with 20 cc normal saline The 
third day the hver extract was increased to 1 cc , then to 3 cc , 5 cc., 7 cc , and 
10 cc The amount of fluid used to dilute the extract was increased proportion- 
ately so that by the time the dose was 10 cc , it was diluted with 50 cc of either 
saline or 5% glucose Using this method of piocedure there have been veiy few 
untoward reactions ivith the hver extract Occasionally a rise in temperature 
has followed if the injection was given too rapidly Of the entire group about 
seven patients have had severe chills on occasion, occurring within an hour after 
the injection Two patients complained of muscular cramps occurring approxi- 
mately ^ hour after the injection The untoward effects were overcome in all 
but two patients by admmistenng 10 cc of calcium gluconate intravenously fol- 
lowing the injection of the liver extract. In two patients intravenous admims- 
tration of hver extract finally was discontinued because of the persistence of these 
reactions 

When we first began using liver extract intravenously, doses of 10 cc diluted 
with normal saline were given 3 times a week This dosage was continued for 
the first year of the study During the second year the liver extract was in- 
creased to 15 cc , and this amount was given daily to some patients and to all 
patients at least 3 times a week By the third year the weekly dose during the 
initial period of therapy averaged 60 cc. In the past 2 years the dose has been 
increased further so that at the present time the following dosage is used during 
the period of active ascitic fluid reaccumulation, the patient receives 20 cc of 
liver extract diluted with 80 to 200 cc of 5% glucose, intravenously 5 to 6 times 
a week This amount is continued until ascitic fluid reaccululation is con- 
trolled The patient then receives 20 cc intravenously 3 times a week, and as 
improvement occurs the injections are reduced to twice a week and then to 
once a week. 

Duration of Therapy Therapy with intravenously administered liver extract 
has been continued until the patient appeared well and until the serum proteins 
remained approximately normal for a period of 4 to 6 months To achieve this 
state, therapy had to be continued for never less than 12 months, and most of the 
patients were treated for 24 months Once the reaccumulation of ascitic fluid is 
controlled, the patient may leave the hospital and receive the injections 3 times 
weekly in the clinic 

Laboratory Determinations As we were interested in studying the course of the 
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discflce and cvaltiatiriR the response to tlicrapy, one of the chief purposes of the 
Jnborafon defcmunafions uas to pro\ide an objcctno estimate of the patient’s 
condition Determinations of total ■^rum protein, albumin, globulin, total and 
free cholesterol, Mtamin A, and carotene were done at 4- or S-neck periods 
Dunng the past 2 j cars gamma globulin determinations ha\ e also been done (10) 
Dunng the first i a cars broinsulphalcin retention tests m ere also done rcpeatedlj , 
but as Ml oral reactions occurred this test ii as not done routinely For the past 
3 jears the thjniol turbiditj test as modified by Sliank and Hoagland has also 
been done (17, 18) JRepcated protein determinations iicre also done on the 
ascitic fluid of all patients during thcrapj In tlic past year punch biopsies hai e 
been done by Dr J H Licbointz 
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Analysii of liter rzlracl vsril and breiren yeast 


UPS units 

Bohds, mgni 
Total N , mgm 
HiboflaMn, tnegm 
megm 

PsQtolhonic acid, megm 
Tolic acid, jnegm 
Pptloxinc HCl, megm 
^tluomnc IICI, mgm 
™iine Cl, mgm 

^Jtrogen free extract 
Total fat 



attWElS VTAST* 


StruD G 

Strsju K 

per €( 

wtim /lift 

mgn fpn 

3 3 

— 

— 

178 0 

— 

— 

M 0 

— 


1 2 

270 0 

0 076 

0 010 

0 600 

0 400 

191 0 

120- 160 

WO- 060 

2 63 

— 


8 5 

wo- 000 

WO- 060 

2 2 

— 


1! 0 

6-7 6% 

8 0% 


35% 

35% 


2 5-3 5% 

1 6-2 6% 

- 

160 

120 


Anal^-sis provided by Anheuser Busch, Inc 


Cahdalwn of Survival Cirrhosis of thehvenn the 

y the patients in this study provided little at a satisfactoiy 
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obvious that m view of the amounts of extract used the number of USP units as 
large, varying from 33 to 66 units in each injection The vitamin content of the 
extract was not great compared to the amounts usually given in vitamin supple- 
ments Even in the case of macin and pantothenic acid, present in the greatest 
concentration, each cc. of liver extiact only contained 270 mcgm. of niacin and 
191 mcgm of pantothemc acid As for the lipotropic substances, methionine 
and choline, the amounts again weie small in comparison to the Icnoira amount 
required to correct fatty infiltration of the liver in dogs (21) The total amount 
of chohne contained in the largei amounts of livei extract (i e., 20 cc ) did not 
exceed 0 28 gm In the treatment of cirrhosis of the hver, the amount of cho- 
hne usually given varies from 3 to 4 gm. daily. Table I also includes the analysis 
of dried brewers yeast Dried bi ewers yeast in doses of 50 gm. daily was used 
by Patek (2) in the treatment of cirrhosis of the liver, and therefore it seemed to 
us it would be interesting to compare the concentration of the known substances 
in yeast with the known substances m liver extract. The analyses for both liver 
extract and yeast are incomplete, as there is no complete data on the number of 
growth-promotmg factors in either of these substances That there are growth- 
promoting factors m both hver extract and brewers yeast which are not accounted 
for by the vitamins listed in the analyses is well known (22-26). In addition 
extracts of hver have been reported as protective against cirihosis produced by 
carbon tetrachloride or chloroform administration (27), and reports have also 
been made on the lipotropic effect ot hver extract (28). 

KEsm/rs 

1 Control Group (Table II). The control group consisted of 44 patients of 
whom 30 were males. The ages varied from 24 to 71 years. The nutritional 
state was poor m mneteen patients, fair in six, and the remaimng nineteen pa- 
tients were in a good state of nutrition and some of them weie even obese 
Twenty-seven of the patients had jaundice Seventeen of the patients had evi- 
dences of spider angiomata. Ascites was present in thirty-four of the patients, 
and this was severe enough to require paracentesis in twenty-five, or 57%. The 
number of paracenteses varied from one to ten per patient, and the total amount 
of ascitic fimd removed per patient varied from 1 to 102 hters The serum pro- 
teins and cholesterol fractions are given for each patient on admission The con 
sistency of the findings shows the importance of these determinations m diagnos 
mg cirrhosis of the liver The average total protein wms 6 0 gm % 

The average albuimn was 2,4 gm % ± 0 21 The avei age globuhn was 3 9 gm /o 
i 0 32 Cholesterol determmations were done on admission, and in thiity-moe 
of the patients the per cent free was 30% or more The total cholesterol varieO 
considerably, ranging from 46 mg % to as high as 475 mg %. The level of tim 
total cholesterol seemed to be related to the nutiitional state of the individual, 
^d the patients who were in a poor nutntional state had the very low cho es- 
terols As previously reported (29), we have found that the per cent free choles- 
terol in normal subjects varies from 29 to 22% with a mean of 26 1 and a standar 



LIVEU EXTRACT IN aRUnOSIS OP THE UVEU 


305 


denation of ± 1 9 The per cent free cholesterol m patients mtli cirrhosis is 
usually above this level regardless of the level of the total cholesterol 
S Sumial Data on Control Group Survival data on the patients m Group I is 
shouTi in Table III Calculated from the date of admission to the hospital, 
onlj 12% vcre surviving at tlic end of 3 jcars Survival in this group was 
definitely curtailed by the end of the first year, at vliich time only 29% vere 
alive, and in fact the proportion surviving dropped sharply within tlio first 3 
months Eight of the patients died of hemorrhage and twenty of cholemia 
One patient died at home, also apparently of cholemia 
Postmortem examinations were done on twenty of tlie patients Tlie weights 
of the hvers vaned from 580 to 5000 gm Six of the patients had largo, fatty 
livers Cirrhosis of the liver was present in all of the subjects and in two was 
complicated by hvor cell carcinoma 

3 Admission Data on Group Treated vnth Liver Extract Intravenously {Group 
II), TaWe IV This group consisted of sixty-eight patients of whom forty'-eight 
were males The ages varied from 11 to 78 years Tlie nutntional state was 
poor in twenty-three patients, fair in twenty, and good in the rcmaimng twenty- 
five patients Thirtj'-fivc of the patients wore jaundiced on admission and 
twenty-eight had spider angiomata Sixty-fivo of the patients had ascites In 
fifty (74%) the ascites was severe enough to require paracentesis The number 
of paracenteses sustained by individual patients varied from 1 to 40 In several 
patients ascites w as controlled after as many as 24 paracenteses The amounts 

asntic fluid removed were considerable, as is ^own in the table In tbe severe 
cases over 300 liters of ascitic fluid were removed during the course of therapy 
One patient who is ahve today , 0 years from the time of therapy, had 370 liters 
of fluid removed dunng the course of the disease Another patient who is alive 
today, 3 years after therapy, had 321 liters of fluid removed 
Table V gives a summary of the findings on both groups The average total 
protein in the “liver extract treated” group was 0 1 gm % ± 0 25, the average 
albumin was 2 4 gm % ± 0 18, the average globulin was 3 7 gm % ± 0 25 
Obviously from the point of view of the scrum proteins the 2 groups were very 
similar Cholesterol determinations were also done on all cases on admission in 
fills group In SIX patients the per cent free cholesterol was below 30%, but in 
only one case was it within normal hmite The vanations m the total cholesterol 
Here similar to those of the control group and the veiy low values were associated 
ii^th malnutrition 

4 Survival Data on Group II Table VI gives the survival data calculated 
mm the date of admission to the hospital In this group enough patients sur- 
'^ved BO that survival could be calculated for 6 years (60 months) At the end 
° 5 years, 41% of the patients were ahve The companson with the control 
EToup 13 best shown graphically (Figure 1) It was an interesting fact that none 
® me patients in Group II died within the first 2 months of treatment By the 

f^e 3rd month 92 6% were still alive, and by the end of the 5th month 
% were still alive, whereas m the control group at the end of the 5th month 


TABLE II 

Data on group I — pahenta treated tn conventional manner 
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only 37 5% were alive After 3 years, 48% of the treated group were ahve, as 
compared to 12% of the control group Of the thirty patients dying in this 
group, ten died of hemorrhage and the rest of cholemia Postmortem examina- 
tions were done on fourteen patients. Cirrhosis of the liver was found in every 
case. The size of the liver vaned from 735 to 3260 gm One of the patients on 
whom a postmortem examination was done also had a hver cell carcinoma, and 
it was our impression that one patient on whom we were unable to do a post- 
mortem might also have had an associated hver cell carcinoma 
We are able to compare these data to Dr. Patek’s group observed for a similar 

TABLE III 

Group I — control — convenhonally treated 


Survival from date of admission to the hospital 


PERIOD 

(at end op month) 

NUMBER OB- 
SERVED AT 
BEGINNING OP 
PERIOD 

A 

DIED DURING 
PERIOD 

B 

DROPPED PROM 
OBSERVATION 
DURING PERIOD 

c 

PROPORTION 
DYING DURING 
PERIOD OP 
THOSE OB- 
SERVED AT 
BEGINNING OP 
PERIOD (q) 

D =B/A 


PROPORTION 
SURVIVING AT 
END OP PERIOD 
OF ORIGINAL 
COHORT (1) 

F 

1st month 

44 

13 

0 

295 

705 

705 

2nd month 

31 

6 

4 

161 

839 

592 

3rd month 

22 

3 

4 

136 

864 

511 

4th month 

15 

3 

0 

.200 

800 

409 

6th month 

12 

1 

2 


917 

375 

6th month 

9 

1 

0 

111 

889 

333 

7 th month 

8 

1 

0 

125 

875 

291 

8th month 

7 

0 

0 

000 

1 000 

291 

9th month 

7 

0 

0 

000 

1 000 

291 

10th month 

7 

0 

1 

000 

1 000 

291 

11th month 

6 

0 

0 

000 

1 000 

291 

12th month 

6 

0 

0 

000 

1 000 

291 

15th month 

6 

1 

0 

167 

833 

243 

18th month 

5 

0 

1 


1 000 

243 

21st month 

4 

0 

2 

000 

1 000 

243 

24th month 

2 

0 

0 

000 

1 000 

243 

30th month 

2 

0 

0 

000 

1 000 

243 

36th month 

2 

1 

1 

500 

500 

122 


length of time, although survival in his group is calculated from the onset of 
ascites (30) In addition to a highly nutntious diet of 140 gm. protem (which 
included the protein in dried brewers yeast), 365 gm carbohydrate, and 175 gm 
fat, a total of about 3500 calones, he gave brewers yeast (50 gm daily), vitamin 
Bi, nicotinic acid, and riboflavm Some of his patients also received chohne, 
otheis methiomne, and in six patients hver extract intravenously However, the 
weekly dose, except m one case was only 37 cc At the end of 5 years, 30% of 
his treated group survived, whereas in our treated group, calculated from admis- 
sion to the hospital, at the end of 5 years 41% had survived 

5 Dose and Duration of Therapy with Inver Extract Intravenously. As men- 
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tioned previously, alter tlie first year the amounts of U\er evtract given intra- 
venously were increased to 45 cc weekly^, then to GO cc neekly, and finally to 
100-120 cc weekly The total amounts of liver extract administered vaned 
from 100 cc to 5000 cc per patient The total period of time over nhich pa- 
tients received liver extract intravenously vaned from 1 month to 3§ years It 
has seemed to us that the amounts of liver extract gi\ cn neekly, particularly in 
the first 2 months of therapy, influenced the course of the disease as evidenced 
by the reaooumulation of ascitic fluid and the response of the serum proteins 
The effects of therapy with varying doses of hxer extract are illustrated in the 
charts Figures 2, 3 and 4 show the course of the disease in patients treated ini- 
tially mth doses of 30 to 60 cc weekly, and Figure 5 shows the course in a 
patient treated with doses of 100 to 120 cc weekly 

Case 24 (Figure 2) was admitted to the hospital m May of 1040 He gave a 
history of protrusion of the abdomen for a year and of slight jaundice for 6 
months The first paracentesis was done in January' of 1946 at another hospital, 
where he was treated with mercurial diuretics, vitamins, and a high-protem diet 
He required numerous paracenteses and was transferred to Bellevue Hospital 
on May 31, 1946 He was begun on liver extract intravenously on June 6, and 
his course and the amounts of liver extract are shown in the chart He improved 
sufiBciently to be discharged from the hospital on October 15, 1946, and went 
back to work A paracentesis was done on January 2, 1947, to measure the 
amount of ascitic fluid present in the abdomen Only 2000 cc were obtained 
He had a small amount of ascites dunng the next 4 months, and he was tapped 
on Apnl 24, 1947, again to determine the amount of ascitic fluid present At 
this tap only 1000 cc were obtained Following this there was no evidence of 
ascites, and hver extract therapy was stopped at the 12th month The latest 
blood chemistry, done m November, 1948, showed a total protein 7 2 gm %, 
albumin 4 5 gm %, globuhn 2 7 gm %, NPN 43 mgm %, total cholesterol 256 
mg %, free cholesterol 69 mg %, per cent free 27%, thvmol turbidity 8 5 umts 

Case 28 (Figure 3) w as admitted to the hospital m March, 1947 He received 
approximately 200 cc of hver extract intravenously' per month for the first 4 
months, and ascites was well enough controlled at this time for him to be dis- 
charged from the hospital Two more paracenteses were done from the 5th to 
the 7th months and because the albumin levels were still low and the per cent free 
cholesterol remained abo\ e normal, the amounts of hver extract were increased 
and the patient received monthly approximately 250 cc for the following 4 
months This patient now receives only one injection a week, the blood chemis- 
tries are within normal limits, and there has been no evidence of ascites since the 
last tap 

The next case. Case 61 (Figure 4), was admitted to Bellevue Hospital m May 
of 1947 and hver extract was begun m June of 1947 The patient at first received 
approximately 50 cc a week and was gradually built up to a larger dose Reac- 
cumulation of ascitic fluid was controlled during the 5th month The last 
paracentesis was done m October of 1947, the patient is able and well today and 
IS now receiving hver extract only once a week 



TABLE IV 

Data on group II — patients treated with liver extract intravenously 
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The next case, Case 1 (Figure 5), was admitted in October, 1947, and received 
100-120 cc of hver extract weekly from the onset of therapy In this patient 
the reaccumulation of ascitic fluid was controlled by the end of the 4th month 
The patient had a veiy large umbilical hernia which w’as operated on while ho 
was in the hospital, and he was continued on the large doses of liver extract until 
September, 1948 He is now receiving 40 cc a week and appears well 
The group of patients treated with the larger doses of liver extract from the 
onset of therapy is not large, but it is our impression that the period of reacoumu- 

TABLE V 

Nummary of findings m both groups 



GlOffP H— UVER 
EXTRACT 
XKTRAVENCr^tY 


OROtJf I— COVTROL 
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of the changes occurnng dunng the course of the disease Examination of these 
data make it clear that the response to therapy is associated with a very slow 
increase in the level of serum albumin and in most of the patients it was months 
before any striking improvement was detected- The examples cited in this table 
also serve to illustrate the constancy of the derangement in the cholesterol frac- 
tions The per cent free cholesterol was above the normal limits in each case 

TABLE VI 

Group II — treated vnth hver extract intravenously 


Survival from date of admission to hospital 


PERIOD 

(AT END OP month) 

1 

NUMBER OB- 
SERVED AT 
BEGINNING OP 1 
PERIOD ! 

A 

DIED DURING 
PERIOD 

B 

DROPPED PROM 
OBSERVATION 
DURING PERIOD 

c 

PROPORTION 
DYING DURING 
PERIOD OP 
THOSE OB- 
SERVED AT 
BEGINNING OF 
PERIOD (q) 

J> = B/A 

PROPORTION 
DIVING AT END 
OP PERIOD OF 
THOSE OB- 
SERVED AT 
BEGINNING OP 
PERIOD 

1 - s) 

E S3 1 — D 

PROPORTION 
SURVIVING AT 
END OP PERIOD 
OF ORIGINAL 
COHORT (1) 

F 

1st month 

68 

0 

0 

000 

1 000 

1 000 

2nd month 

68 

0 

0 

.000 

1 000 

1 000 

3rd month 

68 

5 

1 

.074 

926 

926 

4th month 

62 1 

3 

2 

048 

.952 

891 

5th month 

57 

3 

1 

052 

948 

845 

6th month I 

53 

3 

2 

057 

943 

797 

7th month 

48 

3 

3 

063 

937 

747 

8th month 

42 I 

0 1 

1 

000 

1 000 1 

747 

9th month 

41 ! 

1 ' 

1 

024 

976 

729 

10th month * 

39 ' 

1 ' 

0 

026 

974 

710 

11th month 1 

38 ' 

2 


053 

947 

672 

12th month * 

34 

1 


029 

1 971 

653 

15th month 

31 

0 


000 

1 000 

653 

18th month 

29 

0 


000 

1 000 

653 

21st month 

27 

0 


000 

1 000 

653 

24th month 

24 

1 


042 

958 

626 

30th month 

22 

3 


136 

864 

541 

36th month 

18 

2 

1 5 

111 

889 

481 

42nd month 

11 

1 0 

1 4 

000 

1 000 

481 

48th month 

7 

' 1 

1 

143 

857 

412 

54th month 

5 

0 

, 1 

000 

1 000 

412 

60th month 

4 

0 

1 

000 

1 000 

412 


In the treatment of patients with cirrhosis of the hver in this study we have oun 
that the per cent free cholesterol was usually the first serum determination o 
give any evidence of improvement 

The plasma levels of vitamin A were low in almost every patient on admission. 
The range was from 0 6 to 36 mcgm % and in only 2 cases was the vitamin 
above 28 mcgm %. We have found the mean level of vitamin A in norma 
subjects to be 43 mcgm % ± 12 The plasma carotene levels varied consid- 
erably in the patients (30 mcgm % to 216 mcgm %). The values were ^ 
on the low side of normal and were lowest in the patients who were malnouns e 
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In tins respect the serum carotene n as similar to the total cholesterol level Fol- 
lowing therapy the plasma vitamin A rose, particularly if vitamin A nas ad- 
ministered Administration by mouth nas more successful than intramuscular 
injection The observation of the low level of \ itamin A corroborates previous 
observations (31, 35) of a disturbance m the metabolism of vitamin A m patients 
with cirrhosis of the liver 

7 Concentration of Protein in the Ascitic Fluid Total protein, albumin, and 



Fig 1 CoMPAWBON of Sobvivai, in the Two Gbohpb 
Solid circles patients treated with liver extract intravenously, clear circles patients 
treated in the conventional manner 

globuhn determinations were done on the ascitic fluids in most of the patients, 
and m many of the cases repeated determinations were done dunng the course of 
therapy On admission, m twenty-nme patients, the average total protein of the 
ascitic fluid was 1 2 gm % ± 0 IS, the albumin was 0 70 gm % ± 0 12, and the 
globuhn was 0 50 gm % ± 0 11 In the majority of the patients repeated de- 
terminations dunng the course of the disease showed no significant changes m 
the concentration of total protein, albumin, or globulin in the ascitic flmd The 
amounts of ascitic flmd removed from the patients uere great, so that consider- 
able amounts of protein were lost to the body in this way For example, m Case 
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of the changes occurnng during the course of the disease Examination of these 
data make it clear that the response to therapy is associated with a very slow 
increase in the level of serum albumin and in most of the patients it was months 
before any striking improvement was detected. The examples cited m this table 
also serve to illustrate the constancy of the derangement in the cholesterol frac- 
tions The per cent free cholesterol was above the normal limits in each case 

TABLE VI 

Group II — treated with liver extract intravenously 


Survival from, date of admission to hospital 


PEBIOP 

(AX EITP OT month) 

KUMBER OB- 
SERVE!) AT 
BEGINNINO or 

period 

A 

DIED DURING 
PERIOD 

B 

DROPPED PROM 

; observation 

iDBRING PERIOD 

i c 

1 

1 PROPORTION 
i DYING DURING 

1 PERIOD OP 

1 THOSE OB- 
1 SERVED AT 

beginning op 

! PERIOD (q) 

D = B/A 

PROPORTION 
LIVING AT END 
1 OP PERIOD OP 
THOSE OB- 
1 SERVED AT 

1 BEGINNING OP 
' PERIOD 

1 (p « 1 - q) ' 
1 E« 1 

PROPORTION 
SURVIVING AT 
END OP PERIOD 
OP ORIGINAL 
COHORT (1) 

F 

1st month 

68 

0 

0 

000 

1 000 

1 000 

2nd month 

68 


0 

.000 

1 000 

1 000 

3rd month 

68 

1 5 

1 

074 

926 

926 

4th month 

62 

3 

2 

048 

.952 

891 

5th month 

: 57 

3 

1 

052 

948 1 

845 

6th month 

1 53 

3 

2 

057 

943 

797 

7th month 

48 ' 

3 

3 

063 

937 

747 

8th month 

42 * 

0 

1 ! 

000 

1 000 

747 

9th month 

41 

1 

1 i 

.024 1 

976 

729 

10th month 

39 

1 

0 

.026 : 

974 

710 

11th month 

38 

2 

2 

.053 

947 ; 

672 

12th month 

34 

1 

2 

029 

971 

653 

ISth month 

31 

0 

2 ! 

.000 ! 

1 000 

653 

18th month 

29 

0 

2 

000 

1 000 

653 

21st month 

27 

0 

3 

000 

1 000 

653 

24th month 

24 

1 

1 

042 

958 

626 

30th month 

22 

3 

1 

136 ^ 

864 

541 

36th month 

18 

2 

S 

111 i 

889 

481 

42nd month 

11 

0 

4 

000 

1 000 

481 

48th month 

7 

1 

1 

143 

857 

412 

54th month 

5 

0 

1 

000 

1 000 

412 

60th month 

4 

0 

1 

000 

1 000 

412 


In the treatment of patients with cirrhosis of the hver in this study we have oun 
that the per cent free cholesterol was usually the first serum determination o 
give any evidence of improvement 

The plasma levels of vitamin A were low in almost every patient on admssiom 
The range was from 0 6 to 36 mcgm % and in only 2 cases was the vi amin 
above 28 mcgm % We have found the mean level of vitamin A in norma 
subjects to be 43 mcgm % ± 12 The plasma carotene levels varied 
erably in the patients (30 mcgm % to 216 mcgm %) The values 










LIVER EXTRACT IN CIRRHOSIS OF THE LIVER 

In this respect the serum carotenes as similar to the total cholesterol level Fd- 
J™ Sapy the plasma vitamin A rose, particularly i vitamin A was ad- 
ministered Administration by mouth was more successful than intramuscular 
injection The observation of the low lev el of v itamin A corroborates Pre™us 
observations (34, 35) of a disturbance m the metabolism of vitamin A in patie 

Conccnfrahon of Protein in the Ascitic Fluid Total protein, albumin, and 
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MONTHS 

Tig 1 Comparison of Soevivai. in the Two Groups 
Solid circles patients treated with liver evtract intravenously, clear circles patients 
treated in the conventional manner 

globuhn determinations were done on the ascitic fluids in most of the patients, 
and m many of the cases repeated determinations were done dunng the course of 
therapy On admission, in twenty-mne patients, the average total protein of the 
ascitic flmd was 1 2 gm % ± 0 18, the albumin was 0 70 gm % ± 0 12, and the 
globuhn was 0 50 gm % ± 0 11 In the majority of the patients repeated de- 
terminations dunng the course of the disease showed no significant changes in 
the concentration of total protein, albiunm, or globulm in the ascitic flmd The 
amounts of ascitic flmd removed from the patients were great, so that consider- 
able amounts of protein were lost to the body in this way For example in Case 
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MONTHS OF therapy 

Fig 2 Course of the Disease in Case No 24 


12 


The patient, a 52-year-old white male, was admitted to the hospital May 31, 
had been treated previously in another hospital and had had 17 paracenteses. On adm^- 
sion he appeared chronically ill, malnounshed, and had a low albumin level, 2 2 giM % 
Dunng the first 4 months in the hospital he had a total of 27 paracenteses In the 5th 
month he required 2 paracenteses He was then discharged from the hospital ^ ® 
7th month a paracentesis was done solely for the purpose of ascertaining how much fluid 
was in the abdomen and 3000 cc of fluid were removed Very little fluid reaccumulated 
after this, and in order to check the validity of the observations another paracentesis 
was done in the 10th month and only 700 cc of fluid were found in the abdomen This 
patient is alive and well today 
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Tho patient, a 4B jear oW ^ 

ttol ed by the 4th month and tbe ZueiV, '^ ’ 

today. 
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Fig 4 CoTmsE or the Disease h. Case No 61 

The patient, a 42-year-oId male, was admitted fn iha j, , 
ascites \vas controlled by the 5th month The L* hospital on May 22, 1947 The 
that during the 4th and 5th months he received n ! ^ increased gradually so 

lation of ascitic fluid decreased, the airumin As reaccumu- 

normal level m the 7th month The amount^: nf i reached a 

patient was treated in the clinic He is alive and wJu^ decreased and the 
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0123456789 10 M 12 

MONTHS OF THERAPY 


' AM « 

Fig 6 Course of the Disease in Case No 1 
The patient, a 49 year old male, ^saa admitted on October 22, 1947, witb a history of 
abdominal swelling of 6 months duration, weakness and fatigue for li months The pa 
tient was a poorly nourished man, the sclerae were slightly icteric, there were numerous 
spider angiomata over the upper trunk, the abdomen was distended with fluid The liver 
and spleen were both enlarged and there was 3+ edema of the ankles As is shown in the 
chart, the patient had 8 paracenteses, the last one was done February 7, 1948 The patient 
IS alive and well 



TABLE VII 

Serum pi olein, cholesterol, vtlamtn /!*, and carotene* values during course of thcrapg wtlh intravenous liver etlracl 
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* Peterminrttions done on plnsma 

t Indicates time at which no more paracenteses were required or ascites was controlled 
I Ascifcs recurred, associated with hemorrhage, in the 23rd month — controlled, no paracentesis required 
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22, approximately 94 liters of flmd were removed m 11 paracenteses The 
average total protein concentration of the ascitic fluid in this patient was 1 2 
gm %, the average albumin was 0 5 gm % This meant a loss of 1128 gm of 
protein from the body economy, about half of which was albumin The same 
was true in all of the cases, the total amounts lost depending obviously on the 
amount of ascitic fluid that accumulated These data will be reported in greater 
detail in a subsequent paper 

8 Results of the Thymol Turbidity Determinations The thymol turbidity de- 
terminations varied considerably from patient to patient, the range was from 6 
to 42 units No consistent relationship was found to the total serum protein, 
serum albumin, total cholesterol, or per cent of free cholesterol There was a 
quantitative relationship to the total serum globulin and a consistent relationship 
to the gamma globulin fraction, as is shown in Figure 6 The regression hne, 
calculated by the method of least squares (31), shows that the thymol turbidity 
umts increased in proportion to the concentration of gamma globulin This is 
in agreement with the findings of Kuhkel and Hoagland (32) It is rather diffi- 
cult to interpret the thymol turbidity test, in spite of the relationship to the 
concentration of the gamma globuhn The low levels encountered in many of 
the patients with advanced cirrhosis, proven in several cases by postmortem ex- 
amination, make it clear that an mcrease in thymol turbidity umts may not occur 
m patients with cirrhosis of the hver This finding is similar to that reported by 
Kunlcel (33) 

9 Punch Biopsies and Postmortem Findings Punch biopsies have been done 
on ten patients and repeated m three during the course of therapy All of the 
punch biopsies showed cirrhosis of the liver and m most cases a moderate amount 
of fatty infiltration In Cases 4, 17, and 48, punch biopsies were repeated during 
the course of therapy, and these are shown m Figures 7-9. 

Figure 7 (Case 4) shows the punch biopsy taken pnor to therapy, at which 
time the patient had ascites The section reveals hver tissue of which approxi- 
mately f IS replaced by fibrous tissue There is disorgamzation of the normal 
lobular pattern by the fibrous tissue located in the portal regions Isolated 
groups of hver cells show fatty change Prohferatmg bile ducts are present in 
the fibrous tissue The second biopsy (Figure 7) was taken 8 weeks after therapy 
and shows shght inprovement in the microscopic picture Although fibrous 
tissue IS still present, there is an increase in the amount of intracellular matenal 
within the cells At the time of this punch biopsy the patient had shown chmcal 
improvement, and his previous paracentesis, done 4 weeks pnor to the punch 
biopsy, was the last one that he required The total serum protems at this time 
were 7 gm %, the albumin 3 gm %, and the globulm 4 gm % The patient 
was discharged from the hospital 2 weeks after the punch biopsy By the time 
of the second punch biopsy he had received 675 cc of hver extract The micro- 
scopic sections show that the process of regeneration of hver tissue m a patient 
with fibrosis is slow, and yet, as reflected in the serum protems and in the pa- 
tient’s clinical condition, there was evidence of physiological improvement of hver 
function 
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Ca'ic 17, 1 42-% 0 u-oUl white mule, was lulmiUctl to the hospital on Octoboi 23, 
1<)47 lie was (h oplv J umchced, tholivoi was cnl iigcd down to the costal mai- 
gin, iiid h( had i sovtie anemia with a red blood count of 2 5 million and hemo- 
gloiiiii 7 8 gm % Pi 101 to admission to this hospital he had been lieatcd at 
another hospital Ihc lust punch biopsj was done on Octobci 30, 1047, Iiefoic 
therapj with liicr extinct was begun 'Plus biopsj (Figuie 8) showed a mod- 
erateh scicio dogice of piolifciating fibioiis tissue, distuibing the noimal archi- 
toctuie of till Inci Within this libious tissue, bile ducts weie seen to be pio- 



Tic 6 Reiation of the Thymol TunniDiTV UsiTb to tiu Concenthation 
OF Gabima Globulin 


lifeiating Seceial cells contained fat vacuoles and a few paienchymatous cells 
had the appeal ance of regeneiation At the time of this biopsy the total piotem 
was 7 gm %, albumin 3 4 gm %, globulin 3 C gm %, total cholesteiol 321 mg 
%, free cholesteiol 115 mg %, and the pei cent fiee 37, thymol tuibidity w as 22 
units The second punch biopsy (Figure 8) was done April 27, 1948, after al- 
most 6 months of therapy The patient had been admitted at this time because 
of tarry stools The blood cliemistiies show ed total pi otein 6 9G gm %, albumin 
4 03 gm %, globulin 2 93 gm %, total cholesteiol had nsen to SOOmg %, with 
277 mg of free which meant that 55% of the total was fiee cholesteiol The 
red blood count had fallen as a result of bleeding to 2 0 million The micro 
scopic section levealed marked inciease in fibious tissue, principal^ in the poi- 
tal ireas dn iding the paienchyma into nodules There is mild fatty change at 
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r- 17 old\vlutemnU-,iia'>MlmiU<(ltot\ipliObi>iUvlonOitoboi23, 

loii^isdoiph imimlupil. Uic hsoi ^MlsonUunc<l doiin ‘o 

1 id a sovi.e anemia lutli i ml blood < oiml of 2 '> million and bemo- 
doian 7 8 am % P>iw bo^ipital be bad 'T!"! 

Lolbcr bo^pital 'J’be first piincb biopsi m ns done on Oclobcr 30, lb 1 1 , bcfoie 
tberap> i\db bier estiai-t nns bci-un This biopsi (tigure 8) sboiiid a mo - 
eratcl^scicre degiei of proliferntinR fibioiis tissue,, distinbing tbt nonna an In- 
tel lure of the b\er Witbm this rdnons tissue, bib ibu ts wne seen to be pro 
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[delating Scicral cells contained fat \acuolca and a few paiencbjmatoub cells 
bad the appearance of i cgcnei ation At the time of this biopsy the total pi otein 
lias 7 gm %, albumin 3 4 gm %, globulin 3 C gm %, total cbolesteiol 321 mg 
%, fiee cholesterol 115 mg %, and the per cent free 37, tbjTnol turbidity w as 22 
units The second puncli biopsj (Figure 8) was done April 27, 1948, after al- 
most 6 months of therapy The patient had been admitted at this time because 
of tarrj stools The blood cbemistriesshoiied total piotcmO 9G gm %, albumin 
4 03 gm %, globulin 2 93 gm %, total cbolesteiol had nsen to 500 mg %, with 
277 mg of free which meant that 55% of the total was free cholesterol The 
red blood count had fallen is a result of Weeding to 2 6 million The micro- 
scopic section revealed marked increase m fibious tissue, principal^ m the poi- 
tal areas dividing the p uonchjsna into nodules There is mild f ittv change at 


324 


RALLI ET AL, 




Fig 7 


Case 4, First Punch Biopsy 

A, left Photomicrogiaph of a section of a punch the hepatic 

11 ea of portal scarring containing numeious small bile ducts a 

obular architecture , mi of the hepatic lob- 

B, right Highei magnification of A, showing the dis gc 
liar architecture 

Case U, Second Punch Biopsy 

^ 1 iftPi 6 MceUs of therapy, 

C, left Photomicrograph of the second punch biops}^ a ^j„n,al cells are 

3hoi\s portions of several lobules vith small attnbutablc to the 

prominent, presenting a vacuolated appearance which is p 

glycogen, as fattj infiltration was minimal infiltration m one area 

D, light High power of a portion of C, showing ’“it, of the staining 

Note the inciease in intracellular material, as evidenced b 3 the 

leaction 
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c o 

rio 8 

Case t7f First Punch Biopsy 


A, left photomicrograph shoeing a low power view of the punch bi02?s>, whicli con- 
tuns an island of disorganued liver tissue surrounded bj proliferated connective tissue 
Note the vuiable hpid globules and the iiicieused cellulanti among the trabeculae 

B, light Higher luagmfication of a portion of A, showing the variation of parenchv ma 
cell size and preservation In the upper portion of the field there arc sev eral cells w Inch 
arc undergoing degeneration, and among the iiarenchjmal cells there are increased num 
hers of polynuclear leucocytes (superimposed necrotizing hepatitis) This is the t>pe 
of lesion from which rcgenerat2on is unlikely, owing to the widespread destruction of paren 
chymal cells 

Case IT, Second Fimcli Biopsy 

C Low powei photomiciograph of the second punch biopsy, G months after ther 
ftpy, showing the seirnng noted previously, disorganization in the hepatic parenchyma, 
but less lipid in the recognizable parenchyma 

D, right Higher magnification of a field in C, showing the parenchymal cells near a 
portal scar, w ith less lipid than that seen in the cells in the first biopsy Note m the upper 
portion of the field 2 cells with double nuclei, suggesting that regeneration has occurred 
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C D 


Fig 9 

Case 48, First Punch Biopsy 

A, left Lo\\-po\\ei photonuciogiaplishoivjnganjslandof livei paienchjm.isuiiounded 
bj^ seal tissue in the adjacent portal canal Note the laige amount and yaiiation in the 
size of the hpid globules 

B, light Higher magnification of a field in the paiench5’ma of A, shonnig the lipi 
deposition and the slight polynuclear leucocytic infiltiation around some of the degeneia 
ting liver cells 


Case 48, Second Punch Biopsy 

C, left Second punch biopsj , Ion ponei, shows a mild poital hbiosis, a leduction in 
hpid content in the livei paienchjma, with an inciease in solid c3toplasm 

D, light Highei magnification of a field in C showing the letuin of the livei ce nuc ei 
to the centei of the cells aftei hpid mateiial has leceded There is still some In e pigmen 
in some of the cell, but no leucocj tic leaction Theie is a single focus of cellular in ra e 
uhich IS an evtension fiom a portal scar 
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places Proliferating bile ducts arc seen in the fibrous tissue There is infiltra- 
tion of mononuclears and lymphocytes as well 
Case 48 was admitted to the hospital March 24, 1948 He was a 42-year-old 
white male, deeply jaundiced The hver was greatly enlarged down to tlie um- 
bilicus The first punch biopsy (Figure 9) was done March 30, 1948 At this 
time the total protein was 8 2 gm %, albumin 2 8 gm %, globuhn 4 6 gm %, 
total cholesterol 288 rag %, free cholesterol 100 mg %, and the per cent free 
35% The red blood cells were 3 9 million The first punch biopsy showed 
moderate increase m fibrous tissue, principally in the portal areas but also to some 
extent in the lobules This fibrous tissue contains a small number of prolifeiat- 
ing bile ducts but also is infiltrated watli a small number of lymphocytes, mononu- 
clears and scattered polymorphonuclear cells The parenchymal cells have 
undergone marked fatty change A large amount of bile is present within the 
parenchymal cells The second punch biop^ (Figure 9) was done May 27, after 
approximately 6 weeks of therapy The patient had improved clinically and 
w as discharged from the hospital 2 weeks later At the time of this biop^ the 
total protein was 7 i gm %, albumin 3 4 gm %, globuhn 4 0 gm % Total 
cholesterol, done 3 weeks later, was 203 mg %, and the per cent of free choles- 
terol had dropped to 25 The punch biop^ sliowcd a moderatfijnerease in the 
fibrous tissue of the portal areas Compared to the previous biopsy there is a 
milderjdcgree of fatty change and somewhat less bile pigment It was not pos- 
sible in this small specimen to determine whether there was an appreciable altera- 
tion m the degree of cellular infiltration Postmortem examinations were done 
on twenty of the patients in Group I and on fourteen of the patients treated with 
liver extract intravenously 


DISCUSSION 

Any method of therapy in the treatment of a disease witli as widespread effects 
as cirrhosis of the liver is tedious, time consuming, and very often discouragmg 
This, added to the fact that the fibrosis resulting from the liver injury pi obably 
IS a permanent effect, makes it obvious that although the patients may improve 
clraioally and objectively, with respect to the serum protems and cholesterol frac- 
tions, they can never be considered as “cured” The purposes of the treatment 
are to improve the functional capacity of the liver by stimulating regeneration of 
parenchymal cells, to restore the blood constituents to a normal pattern, and to 
improve the nutritional state of the patient The hver has an unusual capacity 
for regeneration, the extent of which depends to a considerable degree on the 
maintenance of circulation through the hver (13, 14, 36) According to Stephen- 
son (14) in experiments on rats, the amoimt of restoration of hver tissue appeared 
to be directly proportional to the amount of restnotion of the portal vein, which 
in his experiments was effected by partial hgation of the portal vein In view of 
these findings it is reasonable to infer that the patbdlogical changes present in the 
“cirrhotic” hver would handicap regeneration or restoration of the hver Mann 
and his collaborators (37) showed experimentally that restoration of the hver 
after partial removal was almost absent m dogs m whom cirrhosis had been pro- 
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duced by carbon tetrachloride Mann, who also points out (13) the importance 
of the portal circulation for restoration of the liver after partial removal, reported 
that regeneration of hepatic tissue after injury appears to begin in the islands of 
seemingly normal hepatic cells that are supplied mainly or entirely by artenal 
blood, while the cells in the regions supphed only by the portal blood may be too 
badly injured to regenerate These observations fit in vith those reported by 
Himswoith (38) which led him to define two principal types of hepatic damage 
The first, leferred to as "zonal” necrosis, is characterized by damage to a particu- 
lar region within the liver lobule, and, although considerable amounts of paren- 
chymal tissue may be destroyed, the rim of parenchymal cells surviving in each 
lobule provides a source from which new parench 3 mal cells can regenerate 
Himswoith refers to the other type of necrosis as "massive” This, which in- 
volves the whole lobule, is the acute yellow atrophy of older writers, and as no 
rim of parenchymal tissue survives, regeneration cannot take place m the affected 
areas Necrosis of the liver is followed by fibrosis, of which there seem to be two 
distinct types Post-necrotic scarring, which usually follows the massive type 
of necrosis, leaves an organ cut into by coarse bands of fibrous tissue with separate 
areas composed of normal fiver lobules Tfie other is the diffuse fibrosis and 
commences as a thickening of the reticulm fibers m the region of the portal tract 
or central veins and involves every lobule. It is clear that the anatomical form 
of the original hepatic lesion has a bearing on the consequences of hepatic injury, 
and it would seem also to have an important influence on survival in patients 


with liver disease. The type of damage resulting from massive necrosis is usu- 
ally associated with jaundice and evidences of severe toxemia, and if sufficiently 
widespread, would interfere with regeneration of enough liver cells to permit 
restoration of function On the other hand, m the diffuse hepatic fibrosis, which ' 
IS the lesion typical of the classical picture of portal cirihosis, regeneration of 
fiver parenchyma is possible if the fibrosis has not advanced too far The fact 
that the patients receiving fiver extract intravenously survived longer and were in 
a better state of nutrition than the patients in the control group suggests that 
the growth-promoting factors in the fiver extract may have been a factor in 
stimulating regeneration of fiver cells Although the data on the patients re- 
ceiving the larger doses of fiver extract is still limited, their response to therapy 
adds support to the suggestion that some substance or substances m the extract 
are influencing restoration of the liver Patek’s group (30), m whom the surviva 
IS better than that reported by other investigators, received dned brewers ’ 
which also contains growth-promoting factors (25, 26) In the patients repor 
by Labby et al. (8), fiver extract in doses ranging from 20 to 60 cc weeWy was 
given Survival data in this group has not been calculated by the me o re 
ported for our and Patek’s senes (30) and the period of observation o y average 
24 months. However, these authors report (8) that ascites disappeare in 
twelve of twenty-one patients and that 77 per cent of the gioup survive years 
If the suggestion is correct that growth factors are important in stimulating 
regeneration of the perenchymal fiver cells, it is important to determine w e er 
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\there is a angle effective factor or rihetlier a combination of factors is responablo 
for the effect 

Our original observation (39) that the reaccuraulation of ascitic fluid may pre- 
*cede any significant increase in the albumin level of the serum is borne out by the 
studies m these cases That the level of serum albumin is not the sole determin- 
ing factor in the control of ascites is illustrated in the cases reported in Table VII 
in whom ascites was controlled in spite of a pcrsistentlj low albumin level In 
most of the cases, once reaccumulation of ascitic fluid was controlled, the serum 
albumin mcreased This sequence of events (i e , cessation of ascitic fluid reac- 
cumulation preceding a rising serum albumin) is not unreasonable, ns once 
protem is not diverted mto the ascitic fluid, the concentration in the serum, and 
probably also in the tissue cells, may increase 
The patients receiving the hver extract intravenously withstood an unusuallj 
large number of paracenteses and, as a result, the removal of unusually large 
amounts of ascitic fluid There have been occasional coses reported m the litera- 
ture where an unusual number of paracenteses have been done during the course 
of cirrhosis of the hver, but there is some question as to tlie accuracy of diagnosis 
(40, 41) The development of ascites has been regarded as a senous prognostic 
sign, and Ratnoff and Patek (42) diow ed that after the onset of ascites in a group 
of 296 patients, 32% survived for one year and 17% survived for 2 years In 
only on occasional report is there accurate data on the absolute amounts of 
ascitic fluid removed during the penod of survival The data that we have pre- 
sented in the intenavely treated group (Group II) is interesting both because of 
the large amounts of ascitic fluid removed and because it represents the loss of 
large amounts of protein from the body economy, and indicates that in spite of 
the hver damage, albumin is being formed 
Regardless of any method of therapy, the outcome in patients noth cirrhosis of 
the hver may be terminated abruptly by hemorrhage from varices This oc- 
curred m both groups reported Although it is admittedly difficult to evaluate 
the effect of a single therapeutic agent in a disease as widespread and os damaging J- 
to the body as cirrhosis of the hver, in these two groups the therapy was similar 
except for the fact that Group II received large doses of hver extract intrave- 
nously The extent of hver damage, as judged by determination of serum pro- 
teins and cholesterol and its fractions, was similar m both groups Climcally the 
patients were about equally ill and as may be determined from the tables, the 
average duration of the disease pnor to treatment was approxunately the sme 
However, survival m the group treated with hver extract intravenously was sig- 
mfioantly more prolonged than in the patients treated m the conventional 
manner 


BUMMARV 

The course of cirrhosis of the hver has been observed m a group of 112 patients 
44 of these patients were treated m the conventional manner, i e , a nutntious 
diet, large doses of vtamm B complex, and in many cases hver extract intramns- 
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INTRODUCTION 

Eocky Mountain spotted fever, one of the rickettsial diseases, is a generalized 
infection of unusual seventy, which occurs when a human being is accidently 
bitten by an infected tick Man is only mcidentally mvolved, since the disease 

'Tins study was mded by a grant from the John and Mary R Markle Foundation 
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is primarily an infection of ticks and secondarily one of small animals In all the 
rickettsioses, the arthropod is little affected by the infestation, in Rocky Moun- 
tam spotted fever it serves as a reservoir m nature as well as the vector 

The tolerance of arthropods for nckettsias suggests a very long standing asso- 
ciation which might even be called a symbiosis (1). In epidemic typhus the human 
body louse serves as the vector to transmit the disease from man to man In 
endemic typhus the rat flea serves as the vector, transmittmg the disease from 
rat to rat and from rat to man In scrub typhus the mite is the vector, the wild 
rat and possibly other wild rodents are apparently the natural reservoirs. 
Q(ueensland) fever is a natural mfection of wild animals transmitted m nature 
by tides, which can also transmit the disease to domestic cattle; it is not known 
exactly how man is infected from animals. Rickettsialpox is transmitted by a 
rodent mite from house mice to man (2) 

Rickettsial diseases of man which are related to spotted fever and transmitted 
by ticks are of world-wide distribution Rocky Moutam spotted fever of North 
America is apparently identical with the disease in South America, where it has 
been called Sao Paulo t3rphus. In Mediterranean countries fihvre boutonneuse, 
which IS also called Marseille fever and escarro-nodulaire, differs only in the 
fact that the primary site of inoculation is evidenced by an ulcer. In Africa, 
Kenya fever and South African tick-bite fever are apparently related to Rocky 
Mountam spotted fever. In other parts of the world — ^North Queensland, 
India, and Russia — ^tick borne rickettsioses are often called tick-typhus AU of 
these strams of nckettsias appear to be immunologically related (3). 

Rocky Mountam spotted fever was first recognized m the valleys of the 
Northern Mountam states The disease was apparently first recorded in 1896 
by Major W W Wood, who collected descriptions of cases from eight Idaho 
physicians and transmitted his report to the Surgeon General of the Army (4). 
The cases occurred m the neighborhood of Boise and m the Snake River Basin, 
they were mild and the mortality was low Maxey of Idaho, m 1899, published 
the first clmical account and gave a vivid description of the symptoms and 
signs In 1902 McCullough of Montana described the virulent form with 
high mortality, which had been recognized for many years m the Bitter Root 
Valley Later m the same year, Wilson and Choivnmg reported their mvestiga- 
tions of the disease m Montana and suggested that it was transmitted by the 
bite of the wood tick (5). The proof that the disease was transmitted by ticks 
was offered m 1906 by Ricketts and mdependently by Kmg, m the following 
year, Ricketts demonstrated the occurrence of naturally infected wood ticks 
m the Bitter Root Valley (6, 7) Ricketts had previously shown that the disease 
could be experimentally transmitted to gumea pigs and monkeys by inoculatmg 
them with blood from naturally infected human bemgs (8). 

Ricketts and his associates made fundamental contributions to our knowledge 
of the organism, the vector, the mode of mfection, and the immunology of the 
disease, and sketched m broad outline the mode of attack on the problem Wol- 
bach m 1919 published his classic studies on the etiologic agent and the pathology 
of the disease m ticks and human bemgs (4). His careful and exhaustive micro- 
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Bcopio studies demonstrated, among other findings, the mtranuclear multiplica- 
tion of the rickcttsias in tick tissue The understanding of the abnormal physio- 
logic changes in man resulting from the infection and the design of a rational 
approach to therapy arc based on AYolbach’s research 

EproEsnonoGY 

Organism 

The rickettsia of spotted fever, like all rickcttsias, is a tiny micro-organism 
which IS found rntraccllularly but which requires special staining methods for 
its demonstration Wolbach named the organism Dermacentroxenus ndetlsi, 
and most authors follow this nomenclature Bengston m Bergey’s “Manual of 
Determinative Bacteriology’’ calls it "RtcUUstanckcUsit (Wolbach)’’ (9) Pinker- 
ton has discussed the classification and the nomenclature of all the rickettsias 
and summarizes the viewqioints of Philip and others (2, 10) 

In smears of mammalian tissues the organisms are pleomorphic and may appear 
as minute paired organisms, lanceolate in shape, surrounded by a narrow clear 
zone or halo and resembling a pair of pneumococci, or they may be seen as 
slender rod shaped forms sometimes e\liibitmg polar granules The Giemsa, 
Machiavello and Castaneda stams each bring out different eharacteristics 
Like other rickettsias, the organisms stam poorly by the usual techniques and 
appear gram-negative The number of rickettsias found withm cells is smaller 
in mammals infected with spotted fever than in those mfected with typhus 
The organisms ore found predommantly wnthm the nuclei of cells, a very unusual 
location for micro organisms, they are also found in the cytoplasm in small 
numbers (1, 2, 3, 4) 

In the tick there are bacillary, curved and club-shaped forms, smaller rods 
with deeply staining chromatoid granules, and more deeply stainmg lanceolate 
forms A very mmute form may appear m tightly packed masses in the nuclei of 
certain cells 

The organism will grow and reproduce only m the presence of living cells 
In tissue cultures of mammalian cells grown m plasma the optunum temperature 
for growth is 32°C , m fertile hens’ eggs the optimal temperature for growth 
IS 35°C The organisms will remain viable for a short time in ordinaiy bacterio- 
logic culture media, in blood, or in infected tissue kept at room temperature 
without special means of preservation They may be preserved m tlie frozen 
state for months The organisms are readily mactivated by moist heat and are 
destroyed by a temperature of 50°C in ten minutes A wide variety of chemical 
disinfectants readily lull the rickettsias The organisms are susceptible to diymg 
and are destroyed by desiccation in 10 hours The spotted fever strain of rickett- 
sias does not pass the usual Berkefeld filter candles or Seitz filter pads 

Vector 

This nckettsial disease is primanly an infestation of ticks The organism m- 
duces no cellular reaction in the tick, and apparently does it no harm The 
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nckettsias are passed to the eggs of the adult female by copulation with an 
mfected male, or by mfection from the maternal generative organs durmg 
cell division and formation of the egg Thus the vector may be infected at all 
stages — a distmctive feature of the spotted fever stram of nckettsias The life 
cycle of the tick is very complicated, and the nckettsias show a cyclic morphol- 
ogy m the various stages, the nuclei of cells of almost all tissues are invaded 
in all stages of the life cycle While a large variety of ticks are experimentally 
capable of transmittmg the disease m the laboratory, only ticks found infected 
m nature are epidemiologically important. The wide geographic dispersal of the 
proved and potential vectors is discussed by Cox (3). 

The association of the wood tick, Dermacmtor andersom, with the trans- 
mission of the disease was recognized m 1902 by Wilson and Chowning (5). 
This tick IS found throughout the Rocky Mountam region and adjacent areas. 
Dermacmtor vanahilis, the American dog tick, is found m the Great Plams region 
and eastward to the Atlantic coast; to the south it reaches mto Mexico, m Canada 
it occurs eastward from southern Manitoba to Labrador (11) These two species 
of ticks are the chief vectors for transmission of the disease to man, their life 
cycles may cover two years. 

The larval form may be congenitally mfected by transovarian transmission 
Smce it feeds on a great variety of rodents and certam small camivors, some of 
which are susceptible to spotted fever, it may also acquire the infection m this 
manner Few larvae survive the complicated life cycle, however. The nymphal 
form hibernates through the winter. It feeds on many varieties of rodents, mclud- 
ing rabbits Nymphs occasionally have been found attached to children The 
adult tick bites man readily, although it mamly infests large wild and domestic 
ammals; D vanahilis occurs m abundance on dogs, for mstance. The adult ticks 
hibernate through the winter. 

The percentage of infected ticks m an endemic area is not great; it varies from 
year to year m each area, but is usually m the range of 3 per cent (7) 

The wood tick becomes active durmg the sprmg and early summer as the 
snows melt, but may retreat to shady areas and become less active in hot mid- 
summer The dog tick appears m late spring and remams active longer durmg 
the summer. In the South occasional ticks have been found active durmg the 
wmter 

Ticks live on moist ground covered with small bushes and shrubs, where 
numerous small and large mammals serve as hosts and as a source of blood for 
food They hang from the lower branches of the vegetation, wavmg their legs, 
and transfer with great rapidity to the hair of passing warm-blooded animals 
The presence of blood m the mtestinal tract of the tick for two to eight hours 
apparently stimulates the virus m some fashion, so that its virulence and m- 
fectivity are mcreased The period of attachment required for activation of the 
nckettsias is greater m the early spring than m midsummer, when the organisms 
have reached maximum virulence for the season 

The rabbit tick, Haemaphysalis lepons-palustns, does not attack man, but is 
important in the epidemiology of the disease because it feeds on rabbits (12). 
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Rabbits infected by this tick may transmit the riokettsias to the immature forms 
of D andersont and D vandbiha which feed simultaneously on the rabbit host 
The rabbit tick completes its life cycle m one year, and consistently carries 
an extremely mild stram of spotted fever rickettsias It is prevalent m the north- 
ern United States and is active fiom early sprmg to early fall, but in the South 
the period of activity is considerably extended 

Mainmaban reservoir 

In spite of the extensive research done on rickettsial spotted fever over many 
jears, no naturally mfected anunal has been found m the United States Jellison 
has pointed out the close geographic relationship ^\hlch exists between cases of 
spotted fever in human beings and one species of cottontail rabbit, Sylvilagus 
■nuttalh, this evidence is circumstantial and was accumulated only for twelve 
states in the northwestern United States (13) Many mammals can be experi- 
mentally infected with spotted fever rickettsias Wlien the disease is experiment- 
ally transmitted to young dogs and certain other mammals, the infection may 
be very mild, with no visible diagnostic lesions or distinctive febrile reaction, 
immunologic tests, however, w ill demonstrate the development of a positn e Weil- 
Relix reaction, or of complement-fixing or other antibodies 

In Brazil the opossum, rabbit, guinea pig, and domestic dog have been found 
naturally infected In the Mediterranean area the evidence mdicates that 
dogs are probably the chief animal reservoir Naturally mfected dog ticks have 
been removed from dogs m the houses of patients with Kenya fever (3) 
Clinically and pathologically, the disease in animals duplicates that in man 
to a greater degree than any other infectious process, this statement is true 
irrespective of the manner of infection — tick bite, feedmg of mfected material, 
or subcutaneous or intraperitoneal moculation with infected blood The patho- 
logic studies m animals indicate that the disease distinctively involves the blood 
vessels, chiefly of the skm and central nervous system (4) 

Dislribnhon of cases 

Rooky Mountain spotted fever occurs in endemic form throughout most of 
the United States For many yean it was regarded chiefly as a disease of the 
Rocky Mountam and Pacific states, although occasional cases were reported in 
the North Central area The disease was identified m the East m 1931 (14) 
As is often true, recognition of the disease has led to more accurate reporting 
of cases It is not likely that spotted fever has recently spread from the West 
to the Eastern and Central states, it has probably been endemic m these areas 
for many years The disease has not been reported from Vermont To judge by 
the number of cases reported during the period of 1939 to 1947, spotted fever 
must be quite rare in Arizona, Florida, Marne, Michigan, Minnesota, Nebraska 
New Hampshire, Rhode Island, and Wisconsin Some cases reported’from these’ 
states are loiown to have been eontraoted elsewhere 
The total number of cases reported in the United States as a whole has re 
mamed reasonably constant, during the period from 1939 to 1917, ,t averaged 
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around 600 cases yearly (table 1). The two important endemic foci at present 
are the Rocky Mountain area-— Wyommg, Montana, and Colorado— and the 
South Atlantic states— Virgim a, Maryland, and Noith Carolma The number 
of cases reported m the West, especially m Montana and Wyoming, began to 
declme around 1944, probably as a result of the application of effective preven- 
tive measures, the number of deaths has not declmed m the same proportion as 
the number of cases. The mortality remams fanly high throughout the United 
States, averagmg 23 per cent m 4033 cases reported durmg the period from 
1939 to 1946 (table 2) 

The severity of the mfection in any given area remams fairly constant, even 
though it may vary widely m adjacent areas of essentially similar geographic 
characteristics. For mstance, the mortality m unvaccmated adults m the Bitter 
Root Valley of Montana has been for yeais more than 80 per cent; when the 
disease was more prevalent m southern Idaho, the mortality was less than 5 per 

TABLE 1 


Cases 19S9-194.7 



1939 

1940 

1940 

1942 

1943 

1944 

1945 

1946 

1947 

West 

1 









Wyoming 

47 

61 

82 

38 ^ 

32 

30 

14 

13 

9 

Montana 

32 

32 1 

107 

45 

28 

5 

2 

9 

6 

Colorado 

16 

10 

21 

16 

12 

8 

j 13 

10 

11 

East 










Virginia 

50 

46 

33 

47 

56 

81 

99 

92 

67 

Maryland 

72 

55 

45 

59 

58 

64 

47 

58 

66 

North Carolina 

41 

32 

20 

35 

36 

59 

57 

1 66 

j 88 

United States total 

560 

457 

516 

499 

467 

470 

475 

589 

553 


The cases reported annually to the United States Public Health Service from three states 
in the East and in the West where Rocky Mountain Spotted Fever is most prevalent are 
recorded for comparison with the figures from the United States as a whole 


cent. This variation reflects the inherent difference m the virulence of local 
strains There are, however, m any given area, fluctuations m the number of 
cases and m the mortality from year to year These aie influenced more by the 
weather — and hence the appearance and activity of ticks — than by variations 
in the organisms or the possible reservoirs The fluctuations m severity from 
year to year are illustrated by the figures from North Carolma, where one of the 
more virulent strains is found Between 1938 and 1947, m rouglily comparable 
numbers of cases, the mortality has varied from 19 to 36 per cent The death rate 
in the areas where the disease is most prevalent m the West and East, as compared 
with the United States as a whole, is given m table 2 

Throughout the United States more cases occur durmg the month of July 
than m any other, cases are fewest from December through February In the 
West the majority of the cases appear between April and June, m the East the 
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disease is most prevalent during July and August with moderate numbers of 
cases reported in June and September Scattered cases may occur earlier or later, 
dependmg upon the seventy of the tv inter and whether the seasons are early or 
late 

The age distribution of the cases m tlic various areas leflects the occupational 
activity of the population and the proximity of the vector to human habitations 
Few cases are contracted m the city In the sagebrusli and desert regions of the 
w'estem United States, most mfeotions occur m men who work there the year 
around— sheepherdors, hunters, trappers, prospectors, mmers, surveyors, high- 
way and railroad maintenance workers, and forest service personnel Occasional 

TABLE 2 


Mortahly J839-J£l^6 



1 CASES 1 

BEATIIS 1 

UOKTAUTV 




% 

West 




Wj oming 

317 

58 

IS 3 

Montana 

260 

63 

24 2 

Colorado ' 

1 

100 

I 

26 

24 6 

West total 

683 

147 

21 6 

Uast 

1 



Virginia | 

604 

92 

18 3 

Maryland 

45S 

80 

18 8 

North Carolina 

346 

96 

27 7 

Last total 

1303 

2T4 

20 9 

United States total 

4033 

929 

23 0 


The United States Public Health Service reports for the three states in the East and in 
the West where Rooky Mountain spotted fever is most prevalent have been summarined 
for companson AMth the figures for United States as a Avbole 


visitors, such as fishermen, campers, tourists, and picnickers, will sometimes 
contract the disease 

In the East, smee the vector is the common dog tick which infests household 
pets, the disease is predominantly one of children, and is contracted m suburban 
or rural areas Many cases occur m vacationists or people seeking recreation Of 
474 cases reported m North Carolina during the penod from 1938 to 1947 215 
were in children under 10 years of age, 113 m the 10-19 year age group, 28 in 
adults 20 to 29 years old, 59 m the group from 30 to 44 years, and 69 m persons 
over the age of 45 In children, the mcidence of cases was higher m females m 
adults, the incidence was greater in males Taking all ages mto consideration 
however, the cases were distributed rather evenly between the sexes ' 
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PREVENTION 
Personal measures 

Control of the infection in nature is not feasible The greatest protection to 
an individual lies in preventing the attachment of a tick to the skm or in removing 
it before the rickettsias have become “activated " Ticks usually transfer from 
vegetation to the clothmg at a height of 18 inches or less from the ground, they 
will then crawl up the clothing and, at the first openmg, approach the skm. 
High boots, leggmgs, puttees, or socks worn outside the trousers will hmder the 
tick from attaching itself to the leg or crawlmg up it If there are no openmgs 
in the clothmg at the ankle, belt line, or shirt front, the tick will continue, over 
the space of several hours, to crawl up the clothing, attachmg itself at a favorite 
spot on the neck It is wise, therefore, m tick infested country to pass the hand 
frequently over the back of the neck and behmd the ears Any tick observed on 
the clothmg should be removed at once before it has a chance to reach the body 
( 12 ) 

Once on the skm ticks seldom attach themselves immediately, after becoming 
attached, they rarely transfer the infection until they have fed for several hours. 
It is usually sufficient, therefore, to mspect the body and clothing twice daily 
when m tick infested country All clothmg should be removed m the search for 
ticks, clothmg should not be laid on the ground, smce ticks may crawl onto it. 
Ticks transfer from dogs to children with ease. The children should be stripped 
before the midday nap and when commg m from play for the evenmg meal, a 
thorough mspection of the skm and hair should be made. 

If a tick IS found attached to the skm, it should be removed immediately and 
as gently as possible so as not to squeeze feces out of the msect It is desirable 
to detach the tick by slippmg smaU forceps or a hypodermic needle under the 
mouth parts and lifting it off If the tick is pulled off with the fingers, it would 
be advisable to handle it with a small piece of paper. The small wound caused 
when the mouth parts and the tmy piece of attached skm come out with the 
insect should not be traumatized by scratchmg or squeezing, smce tick feces may 
be accidentally moculated mto the raw area The abrasion should be touched 
with any available disinfectant, such as iodine or a mercurial antiseptic, or simply 
be washed with soap and water. 

Attempts are bemg made to develop a tick repellent which can be placed on 
the body or impregnated m the clothmg, no completely satisfactory agent has 
yet been found, although some give promise (15) The ordmary mosquito repel- 
lents are meffective No material is knoivn which can be fed to dogs or other 
animals to repel ticks or to prevent them from becoming attached 

Vaccination and other specific measures 

Vaccmes which have definite protective value are available The degree and 
duration of protection vary with the immune response of the mdividual vacci- 
nated; the period of effective immunity is less than a year, however Even more 
important factors m determmmg infection of an mdividual are the virulence of 
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the infecting strain of nckottsia and the size of the inoculum transferred from 
the tick The original vaccine i\as prepared at the Rocky Mountain Laboratorj 
of the National Institute of Health from the tissues of mfected Mood ticks (12) 
This vaccine gives effective protection, but also pioduces many local and occa- 
sional severe systemic reactions A more satisfactory vaceme has been prepared 
from rickettsias groim m the yolk sacs of fertile hens’ eggs The reactions to this 
type of vaccine are much less frequent and severe than with that prepared from 
ticks The immumzmg power of the two types of vaccine is comparable 

Either vacomc should be injected subcutaneously or mtramuscularly m three 
doses of 1 cc each, or two doses of 2 cc each, given five to seven days apart In 
allergic individuals, it is wise to give an intradermal skm test before administermg 
the first dose of vaceme A full course of vaccine should be given each season m 
the late winter and early spring, approximately one month before ticks are ex- 
pected to appear It is doubtful that immunization after a tick bite has occurred 
IS of any value 

In the West, mdividuals who are hvmg m highly endemic areas or m localities 
where the stram is of great virulence, and individuals whose occupation takes 
them mto such areas should be regularly vaccinated Tourists or vacationists 
should be vacomated if their trip to endemic areas will expose them to ticks In 
the East, it is doubtful that all children should be immunized Children m coun- 
ties where the disease is most prevalent (those counties can be determined by 
spot maps obtained from the various state health departments) might well be 
immunized yearly until the age of 15 The admmistration of the vaceme to adults 
who hunt or fish frequently or who take regular camping and liikmg trips in the 
country is worth while 

The effectiveness of the vaceme has been demonstrated by Parker (12) Over 
a period of several years m western Montana there were 38 deaths m 50 non- 
vacemated adults (a case fatality rate of 70 per cent), and only three deaths m 
59 persons who had been vacomated within the same year (a mortality of 9 per 
cent) It can be seen that the immunization did not prevent clmical infection in 
some people, but that the disease was much less severe m vacomated mdividuals 
Protection is usually adequate to prevent clmical disease resultmg from infec- 
tions with the relatively mild strains of spotted fever, against the highly fatal 
type, children are more fully protected than adults However, previous immuni- 
zation may mean the difference between life and death if an infection is acquired 

Whether immune antiserum would be of value prophylactically after exposure 
IS unknown Chemotherapy administered prophylactically or after exposure has 
not yet been shown to be effective It is not likely that para-ammobenzoic acid 
(PABA) would be effective in completely preventmg the disease Aureomycin or 
Chloromycetin, tw o antibiotics w hich are discussed in more detail below, may be 
found to have suppressive properties Smee no method is available for differen- 
tiating between mfected and non-mfected ticks, the drugs would have to be taken 
regularly while the mdividual was m an endemic area This procedure is imprac- 
tical for persons living m such a locality, but might be used for periods of a few 
days by vacationists Unless admmistration of the drugs is contmued for 3 weeks 



342 


GEOEGB T. HAEEELL 


after the exposure is tenninated, withdrawal ruay be followed by a delayed 
atsrpical form of the disease. 

Community measures 

The dealing of brush, weeds, and other vegetation around houses or cabins 
has some limited value, since it removes from the immediate vicinity shelter for 
the vector and animal reservoir Spra 3 ang an area with DDT or other insecticides 
IS impractical because of the huge territory which would have to be covered and 
the difficulty in gettmg under low vegetation Furthermore, the procedure has 
not yet been proved to be completely effective (11). 

NATUEAI/ mSTOEY OF THE DISEASE IN HITMAN BEINGS 

Exposure 

A history of a trip mto a known endemic area, of exposure to tides in the woods, 
fields, and ranges, or of exposure m the handlmg of dogs or sheep may be obtained. 
It may be important to know how the tick was removed, whether it was crawling 
or attached, and whether it contamed blood. Children, of course, may not notice 
the tick, or, while they are ill they may not recall ha vmg been bitten. The bite 
IS painless and no local lesion is produced. 

Rickettsias may remam alive in fresh or dried tick feces for a matter of hours. 
It IS possible that rickettsias contamed in feces deposited by tides on dogs or 
sheep may enter the circulation of the human victim through scratches or other 
minor abrasions. This means of infection may account for the failure to obtain 
a definite history of an attached tick m a moderately high percentage of cases. 
Infection m laboratory workers is not rare However, cross infection from one 
mdividual to another through the medium of blood or excreta is practically 
unknown. 

Symptoms 

The symptoms described below are characteristic of the disease as it occurs in 
unvacemated patients treated only with supportive therapy. In cases where an 
attached tick contammg blood w^as found, the incubation period has varied from 
two to 14 days, it tends to be shorter — ^five days or less — m the more severe in- 
fections, and longer m the milder ones. In areas where ticks are prevalent, the 
great number of the insects and the frequency with which they are found on the 
person make it difficult, if not impossible, to determme the exact time of infection. 

The prodromal period may extend over two or three days, and the gradual 
appearance of s 3 Tnptoms may make it difficult to establish exactly the (^te of 
onset Among the S 3 nmptoms w^ich may be noted during this period are headache, 
malaise, loss of appetite, photophobia, chilly sensations, low fever, and pam in 
the muscles and joints. On the other hand, the onset may be precipitous, charac- 
terized by a distmct shakmg chill, severe headache, marked lumbar backache, 
abdommal pam, vomitmg, sweating, and even diarrhea It is usually impossible 
to make a diagnosis on the basis of symptoms alone. 

As the disease progresses, mental cloudmg and generalized tenderness become 
more pronounced, obscuring most other symptoms. 
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Rash 

The appearance of the rash is the earliest dependable diagnostic sign It may 
appear on the day following the onset of symptoms, but usually is delayed three 
to four days Because the onset of symptoms is frequently indefinite, it is more 
accurate to date the course of the disease from the day the rash appears The 
rash usually is noted first on the ankles and feet, spreading u ithin a matter of 
hours to the ivrists and hands and then gradually touard the trunk and head 
When it first appears, the rash is macular, red, and flat, it blanches with pres- 
sure, and may resemble measles It is more easily seen when the temperature is 
elevated Within hours it becomes papular, darker red, and slightly dusky m 
hue It becomes fully developed within two to three days, assuming a definitely 
petechial or purpuric character Fading on pressure no longer occurs The hem- 
orrhagic character of the rash can be accentuated, or brought out before it spon- 
taneously appears, by applying a tourniquet or a blood pressure cuff, inflated to 
a level between the systolic and diastolic pressures, for three to five mmutes 
(Rumpel-Leede phenomenon) 

The rash is the Msible evidence of the specific lesions uliich occur m small 
blood vessels In mild cases it may be fleetmg, and seen only on careful inspec- 
tion In Be\ ere cases the entire body is covered, mcludmg the palms and soles, 
and the rash may in\ olve the mucous membranes of the palate, pharynx, and 
cheeks, m fatal cases it frequently coalesces In severe coses, areas of necrosis or 
gangrene may appear in the rash as the disease progresses 
During convalescence the rash turns brown, and branhke desquamation may 
occur Scarrmg is mfrequent unless necrosis or gangrene was present 

Other physical findings 

Once fever has appeared, the temperature rises quioldy The height which the 
temperature attams is frequently not appreciated Of 46 cases treated m the 
North Carolina Baptist Hospital from 1942 to 1947, three fourths had tempera- 
ture peaks above 104'’r (lO^C) Almost half had temperatures above 105, and 
5 patients had peaks higher than 100°F (41 1°C) Hyperthermia may be a poor 
prognostic sign, though all five of our patients with temperatures of 106 or above 
survived The character of the temperature curve was high and spikmg with 
irregular morning remissions—often as much as 3 to 5°F — m 28 cases, high and 
sustamed m 11, and moderate or low m the remainder In general, children tend 
to run higher temperatures than adults 
Usually the maximum temperature will be reached during the second week of 
the disease, anywhere from the seventh to the fourteenth day With recovery 
the temperature usually falls by lysis after a febrile period varymg from two to 
three -weeks A secondary rise in temperature after one peak has been attamed 
frequently heralds the development of a complication, usually pneumonia 
At the onset and early m the course of the disease the pulse is full and strong 
but as the disease progresses it may become weaker or even thready In adults 
the pulse, in general, tends to parallel the temperature or run slightly below it 
no adult m the Baptist Hospital series had pulse rates above the corresponding 
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temperature. The majority of children below the age of 15 had a pulse rate higher 
than the temperature; m only about 15 per cent of the children in the Baptist 
Hospital was the temperature higher than the pulse A relatively high pulse rate 
from the onset is often an unfavorable sign. A sudden elevation in pulse rate 
withm a twenty-four hour period usually indicates the appearance of a compli- 
cation — circulatory failure; in our series the development of pneumonia did not 
cause the pulse rate to rise. A terminal rise in the pulse rate was observed during 
the last one to three days of life in approximately a third of our fatal cases 

The respiratory rate, at first, is normal or only slightly increased A slight, 
nonproductive, bronchial type of cough is frequent at the onset, and is probably 
caused by organisms settling out m the filter bed of the lungs. Bales may de- 
velop later m the disease as a result of true rickettsial pneumonia, pulmonary 
interstitial edema, or secondary bacterial pneumonia Near the peak of the dis- 
ease, pulmonary congestion may occur as a result of myocardial failure. 

The blood pressure is usually normal at the onset, but later becomes variable. 
The pulse pressure frequently tends to decrease, with a concomitant drop m both 
the systolic and diastolic levels, as the peak of the disease is reached The blood 
pressure may drop suddenly if peripheral circulatory collapse develops or a mas- 
sive hemorrhage occurs. 

When the patient is first seen, he is usually dehydrated, with a hot dry skin 
and a parched red tongue. Patients who are moderately or severely ill present a 
puffy appearance which may be generalized or may be limited to the periorbital 
region, the face, or the extremities, it is due to edema, which is often difficult to 
detect early except by laboratory methods As the disease progresses, the edema 
becomes more widespread and more pronounced Most of the time the edema 
does not pit and does not tend to settle in dependent areas. In severely ill pa- 
tients, some degree of cyanosis will usually be seen 

The neck is often slightly stiff, and Kemig’s sign may be present. The conjunc- 
tivae are frequently suffused early, and the patient turns away from the light. 
Severe prostration, mental confusion, dullmg of the senses, restlessness, and 
hyperesthesia of the skm and muscles may be found early. As prostration m- 
creases, the patient becomes lethargic Muscular twitchmg, fibrillary tremors 
and abnormal neurologic signs, such as ankle clonus or a positive Babinski re- 
action, may appear. 

The spleen becomes palpable late m the first week of the disease, and is usually 
firm and slightly tender. The liver may be palpable, but is rarely tender, jaundice 
may occasionally be seen, but is not marked except in fatal cases. Distention and 
constipation usually occur, although peristalsis is not abolished. 

Course 

The clinical course varies from abortive and mild infections m which the pa- 
tient may remam ambulatory to fulmmatmg cases leading to death withm three 
to five days In such mstances, the body defenses are overwhelmed by the toxemia 
of the infection In most fatal cases, death occurs between the ninth and fifteenth 
days of rash; patients rarely die after the fourteenth day. Near the peak of the 
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disease the patient frequently becomes comatose, and neurologic signs are more 
prominent 

Occasionally, after improvement has apparently begun, a recrudescence of 
symptoms will occur and a new crop of akin lesions will develop, exactly as m 
typhoid fever, such recrudescences are not common, however 
Complications usually become evident by the time the disease reaches its 
peak in the middle of the second week of rash, they are discussed m detail below 
Convalescence is slow, and complete recovery may not take place for weeks, 
months, or ns long as a year, even in a relatively mild infection The sequelae 
are discussed under “Prognosis" 

The course of the disease in recently immunized individuals (or those given 
suppressive chemotherapy) may be atsqiical and often bizarre (12) The usual 
time relationship between exposure and the appearance of signs and symptoms, 
the duration of the disease, and the development of serologic evidence of infection 
are often greatly altered The multiple crops of skm lesions frequently seen, and 
the irregular fever reflect the attempts by the parasite to break mto the blood 
stream and to establish itself in non cells 

Pathologic anatomy 

Rarely in any disease are the pathologic lesions correlated so closely with the 
clmical picture m the patient during life The gross appearance of the specimens 
at autopsy often is not unpressive Since the disease is one which diffusely m- 
volvos the smallest blood vessels, the lesions are found m the microscopic prep- 
arations A careful study of the patient’s clinical record will reveal a very close 
correlation between the microscopic findmgs and the physiologic disturbances, 
although the latter may be out of all proportion to the visible anatomic lesions 
Gross lesions are found predominantly in organs denved embiyologically from 
ectodermal structures (IG) The skin, m addition to the rash, may show areas of 
necrosis and gangrene resulting from mterference with the arterial blood supply 
or from ischemia caused by pressure over bony prommences The central nervous 
system grossly may show few lesions in comparison to the clinical neurologic 
disturbances, the damage to the brain, however, is greater m spotted fevei than 
m any other rickettsial disease 

Fluid exudates into the serous cavities, as well as the edema of subcutaneous 
and other less firmly organized tissues, reflect the physiologic disturbance m the 
circulation In general, pulmonary changes are not stnkmg when death occurs 
withm the first ten days of the disease, later, congestion and serous exudation 
are almost regularly present, often with areas of consolidation 
In about one third of the cases the liver shows distinct swellmg, cloudmess, 
and opacity of the parenchyma The cut surface may have a nutmeg appearance 
or a yellowish color, occasionally with subcapsular streaking, but no softening or 
focal areas of necrosis are noted grossly The spleen is regularly enlarged, the 
splenic pulp 13 firm and tends to bulge from the cut surface, but m cases of long 
duration it becomes friable 

The kidneys are usually normal in size, although the parenchyma may be con- 
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gested and slightly swollen The cortex is usually pale and rather opaque; pete- 
chial hemorrhages may be noted beneath the capsule, but more frequently they 
are seen in the medulla and pyramids The heart is generally of normal size Any 
dilatation observed is usually confined to the right ventricle or right auricle. 
Petechiae are noted more often under the epicardium than elsewhere Many 
times the muscle of both ventricles feels flabby, m spite of the vascular character 
of the disease, however, no areas of thrombosis and necrosis simulating coronary 
occlusion or myocardial infarction have been described 

In about half the cases purpuric foci are seen somewhere m the mucosa of the 
gastrointestinal tract. One of the 5 patients on whom autopsy has been performed 
in the North Carolma Baptist Hospital died from a fatal gastromtestinal hem- 
orrhage which arose, to judge by the character of the blood in the stools, from 
the lower part of the small mtestine or from the right colon, no gross lesion was 
observed at autopsy, however 

Microscopically, the skin and subcutaneous tissues are the best locations for 
study of the lesions in the blood vessels, and rickettsias can be demonstrated 
there most easily. Detailed descriptions of the lesions are given by Wolbach (17). 
The rickettsias first invade the nuclei of endothelial cells m capillaries, where 
they multiply m great numbers and destroy the cells From there the lesions 
extend centripetally along the mtima mto slightly larger vessels (the arterioles), 
where smooth muscle cells of the media are also mvaded and destroyed — a dis- 
tmctive feature of the Rocky Mountam spotted fever stram of rickettsias Ex- 
tension into laiger blood vessels — arteries — occurs to a greater extent in spotted 
fever than m the other rickettsial diseases, m which vessels larger than arterioles 
are rarely affected The venules are involved to a much smaller extent The 
lymphatics are not attacked 

With the death of cells, necrosis occurs m the intima and media of the vessels, 
resultmg m thrombosis and extiavasation of blood The thrombi are hyaline and 
are composed of cellular and nuclear debris, larely of fragmented or mtact neu- 
trophils As a result of the thrombosis micromfarcts are formed, chiefly in the 
slan, subcutaneous tissues, and central nervous system The rash m the skm and 
the petechiae seen m internal organs are the result of extravasation from the 
necrotizing lesions 

The proliferative character of the vascular lesions, as mdicated by the presence 
of numerous mitoses m cells and by perivascular accumulations of mononuclear 
macrophages, has perhaps not been sufficiently stressed Indeed, m one case seen 
at autopsy in the Baptist Hospital senes — s, child of 4 years dymg on the elev- 
enth day of rash — ^the lesions were stnkmgly similar to those described m periar- 
teritis nodosa While it is true that this particular patient had received thera- 
peutic antiserum and that similar changes have been described in serum sickness, 
lesions of the same general character can be found m cases which have not re- 
ceived specific immune therapy 

In specific organs the diffuse character of the microscopic lesions reflects the 
fact that the most widely distributed blood vessels — ^the capillaries are the site 
of the first localization of the rickettsias Areas of demyelmization, without cel- 
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lular infiltration or exudation, can bo found in the central nervous system in 
association wtb arterioles, or slightly removed fiom them The focal lesions or 
"nodules” in the brain and meninges result from the proliferative reaction 
In the lung, the bronchi are often filled with pus and surrounded by pneumonic 
mvolvemcnt in which gram-positive cocci in fair numbers can bo stained Small 
areas of interstitial mfiltration, Mith some inflammatory reaction, can be found 
m the myocardium, usually lelatod to the smallest arterioles or to capillaries In 
patients dying in the second week of the disease, cellular mfiltiation is more 
marked in the epicardium and the adjacent muscle 
In the liver, congestion is associated mth the accumulation of fine fat droplets 
m the cells of both the central and the periportal areas, occasionally, a few scat- 
tered mmute focal necroses are seen The mvolvement of the generative organa 
frequently noted in Rockj Mountam spotted fever is an unusual feature of 
rickettsial diseases, it occurs to a greater extent in males than in females The 
reticulo-endothelial system shows some degree of hjTierplnsia, the character of 
which IS often altered especially m the spleen, by secondary bacterial infection 
The mvolvement of the kidney is usually confined to scattered nephrons, the 
lesions being most marked in the region of the convoluted tubules, interstitial 
and perivascular infiltration by lymphocytes is found The epithelial cells of the 
tubules are swollen and finely granular, occasionally contammg fine droplets of 
fat The location of the lesions m the kidney, as well os m other blood vessels, 
suggests that the nokettsias settle out of the circulating blood and parasitize 
endothelial cells in locations where the blood flow loses speed in the transition 
from arteries to capillaries Few lesions are found m the adrenals — a fact which 
confirms the impression ohtamed from physiologic studies that the cnculatory 
collapse anses m the peripheral circulation 

Patlwlogic physiology 

The physiologic disturbances observed in the patient reflect accurately the 
anatomic damage caused by the nckettsias However, the degree of disturbance, 
especially m the circulation, may be quite out of proportion to the severity and 
number of anatomic lesions 

In the severe, fulmmating mfections, where death occurs m the first few days 
of the disease, the body defenses are overwhelmed by the toxic products of the 

oiganisms The clmical picture may be that of peripheral vascular collapse 

“shock”— apparently resultmg from dilatation of the penpheral capillaiy bed 
and poolmg of blood, without alteration m the permeability of capillaries, loss 
of fluid into extravasoular spaces, or edema Early in the course of less severe 
mfections dehydration and loss of electrolytes from the cu-culation— as measured 
by blood clilorides— are common , the dehydration is accompanied by little change 
m the plasma volume and extravascular fluid (thiocyanate space) unless crystal- 
loids glucose and saline solutions — are administered in large quantities (18, 19) 
As the thrombotic and proliferative phase of the lesion develops, mterference 
with the flow of arterial blood leads to ischemic necrosis, infarction, and the 
resultant secondary effects of anoxia Anoxemic necrosis, resultmg m decubitus 
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ulcers on the back, may be produced by pressure alone without relation to vas- 
cular lesions Most areas of necrosis and gangrene in the skm, particularly those 
occurring m the extremities and scrotum, result from vascular occlusions 

The micro-infarcts m the bram disturb the cellular metabolism and produce 
the clmical picture of encephalitis, convulsions, tremors, loss of memory, and 
alteration of the reflexes The hyperesthesia of the skm and tenderness of the 
muscles (which are quite vascular and show few anatomic lesions) may reflect 
disturbances m the circulation to peripheral nerves, the responsible lesion is 
difficult to demonstrate by anatomic techniques, but it is a true peripheral neu- 
ritis. The sequelae which persist, such as scars m the skm, loss of memory or 
mental power, and permanent nem’ologic changes, mirror the damage m organs 
which cannot regenerate or adequately repair themselves 

The myocardial damage can be detected by serial electi ocardiograms, but is 
not often sufficient to cause frank congestive failure unless the circulation is over- 
loaded by too enthusiastic fluid replacement therapy (19) The changes m the 
electiocardiogram which have been observed are similar to those occuiTmg with 
edema due to beriberi, myxedema, or anasarca from other causes Pathologically, 
sections of the myocardium m fatal cases will usually show, in addition to mter- 
stitial cellular infiltration, some edema of the muscle fibers, m other fatal eases 
lesions resemblmg periarteritis nodosa have been seen m small blood vessels 
Two mechanisms may be mvolved m the myocardial failuie — ^mechanical mter- 
ference resultmg from edema, and anoxia resultmg from the involvement of 
arterioles 

The scattered character of the renal lesions, mvolvmg individual nephrons, is 
reflected m the irregular and slight physiologic renal disturbance, as measured by 
the usual function tests The elevation of the blood nonprotem nitrogen early m 
the course of the disease is due to inadequate glomerular filtration resultmg from 
dehydration, when circulatory collapse is immment, the low blood pressure fur- 
ther reduces glomerular filtration and mcreases the extent of the prerenal azo- 
temia 

The involvement of the individual liver cells is reflected by a reduction m some 
phases of liver function durmg the third week of the disease and durmg early 
convalescence; the fact that the cells are physiologically damaged and not de- 
stroyed IS proved by the return of complete function m late convalescence The 
administration of a high protem diet from the first seems to prevent or greatly 
reduce the alteration m liver function 

A rough general correlation is observed between the petechial character of the 
rash, the clmical seventy of the disease, and the extent of edema Apparently 
the permeability of membranes, especially those comprismg the walls of capil- 
laiies, IS altered progressively as the disease mcreases m severity, so that water, 
crystalloids, proteins, and red blood cells are passed The alteration is greatest 
near the clinical peak of the disease, between the tenth and fourteenth days of 
rash, at this time there is a tendency for the plasma volume and serum proteins 
to drop, the thiocyanate space to rise, and clinical edema to develop. These al- 
terations can be accelerated by the excessive admmistration of crystalloids alone. 
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The drop in blood proteins progresses very rapidly The degree of protein 
destruction can be folloued by serial determinations of the amount of nitrogen 
excieted in the urine (20) In some children, the amount destroyed daily has been 
equivalent to 3 to G Gm of protein per kilogram of body weight It is not known 
how much of the protein escapes from the vascular tree into the mterstitial spaces 
througli the damaged capillaries In any event, the reduction in the circulating 
serum proteins, especiallj m the albumm fraction, lowers the intravascular os- 
motic pressure and sets the stage for the subsequent development of peripheral 
circulatory collapse In addition, damage to the liver may reduce the synthesis 
of new protein so that replenishment is decreased and destruction is mcreased 
simultaneously Replacement therapy with preformed protein is therefore mdi- 
cated under certain circumstances 

The alteration in capillary permeability is corrected when recovery begms, the 
blood volume is quickly restored to normal within one or two days after the tem- 
perature drops and the tovcmic symptoms decrease, but the loss of edema may 
take as long as a week, and the restoration of circulatmg blood proteins even 
longer 

When the quantity of fluid confined within blood vessels and found in the 
extravaseular spaces is compared with the changes m weight of the individual, 
a disproportion is frequently found The comparison suggests that the permea- 
bility of cells out&ide the vascular tree may also be altered, so that fluid accumu- 
lates mthtn body cells as well as in the mterstitial spaces (19) This excessive 
hydration of cells may affect the function of organs in which vascular lesions are 
not pronounced The observation of stupor, tremor, and medullary respiratory 
arrest, which is occasionally seen in fatal cases, is clinical evidence that nerve 
cells are hydrated excessively, the increase m cerebrospinal fluid pressure m such 
instances is usually less than would be expected if the cerebral edema were en- 
tirely interstitial Unfortunately no technique is available at present for the 
measurement of mtracellular fluid Regardless of whether the fluid goes into tissue 
spaces or into cells, the loss from the circulating intravascular fluid lowers the 
blood volume and precipitates peripheral circulatory collapse 
The mechanism responsible for the alteration in permeability of membranes 
at the peak of the disease is obscure The maximum changes m capillary perme- 
ability occur at the tune when immunity should be rismg rapidly and begmning 
to attam ascendancy over the infection The alterations usually appear at the 
end of the second week (the time required for the development of antibodies), 
and the subsequent clinical unprovement would suggest that the immune 
balance is being tilted The neutralization of antigens by antibodies — either 
circulatmg or fixed to tissue cells— must produce a substance which directly 
affects membranes It has been known for years that antigen-antibody reactions 
liberate a histamine-like substanee That histamine and sunilar substances alter 
capillary permeability is readily demonstrated by the production of a wheal 
when histamme is injected mto the skm Our observations suggest that the 
antigen-antibody effect mvolves the general circulation and alters the perme- 
ability of the entire vascular tree 
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The similarity of some of the microscopic pathologic lesions in cases of Roclcy 
Mountain spotted fever to those of experimental serum siclcness is intriguing 
In oui experience the patients m whom such lesions are most pronounced have 
been those who have received hyperunmune antiserum Smce immune bodies 
are found in the globulin fraction of serum, the chance presence of immune 
bodies to rickettsias m blood or plasma might explain the transfusion reactions 
observed occasionally in patients with rickettsial spotted fever The develop- 
ment of antihistammic drugs raises interestmg therapeutic implications which 
will be discussed fuither below. 

Because rickettsias are located intracellularly, one would expect cellular 
as well as capillary permeability to be mcreased. It is known that cells participate 
m the immune process and are affected by allergic or immune manifestations. 
An antigen-antibody reaction occurrmg withm the cell might be expected to 
liberate a histamme-like substance which would mcrease the permeability of 
the cell membrane In patients with spotted fever, it is difficult to obtain an 
adequate quantity of mterstitial fluid for chemical examination by the insertion 
of needles subcutaneously. In view of the ease with which fluid can be obtamed 
from patients with congestive failure, the suspicion that some of the fluid lost 
from the circulation may be found within cells, as well as between them, 
is strengthened. 

The alterations in permeability are evidently reparable with the full establish- 
ment of immunity, this conclusion is based on clmical observation alone, how- 
ever, smce no quantitative data on the degree of immune response have been 
obtamed experimentally The diuresis which legularly occurs with recovery 
from infectious diseases, mcludmg spotted fever, has been known to chnicians 
for years, though the mechanism has never been explamed The restoration of 
capillary and cellular mtegnty should enable mterstitial and mtracellular fluids 
to be mobilized and excreted through the kidney 

The application of these principles to supportive therapy is discussed further 
below. 


niFPERENTIAE DIAGNOSIS 
Prodromal 'period 

The onset is characterized by generalized nonspecific symptoms, of which 
headache and lumbar backache are outstanding This type of onset is seen m 
many systemic diseases, especially those caused by the filtrable viruses Influenza, 
measles, encephalitis, and poliomyelitis must be considered early m the course, 
before the rash develops The epidemiologic history is the greatest help at this 
stage A lumbar puncture will frequently aid m the differential diagnosis 

Rash 

The development of chills or chilly sensations suggests a blood stream mvasion, 
which IS actually what occurs The disease at this stage must be differentiated 
from a septicemia of any other cause. The headache and the hemorrhagic char- 
acter of the rash, as well as the positive tourniquet test, make it very difficult 
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to differentiate early spotted fever due to riekettsias from that due to meningo- 
cocci In meningoooccemia the rash frequently becomes purulent and necrotic 
m the center iv ithm one to tn o days , bacteria can be stamed in material aspirated 
from the lesions, and can be cultured from the aspirate and from the blood 
The radi m measles, chicken pox, and other similar exanthems may be sugges- 
tive of Rocky Mountam spotted fever at first, but the rash of measles rarely 
becomes purpuric or confluent In measles it usually appears first in the mucous 
membranes of the mouth whereas, the rash of spotted fever is seen first in the 
skin of the extremities 

The seventy of the illness, together with the mental clouding, headache, high 
fever, and bradycardia, may be suggestive of typhoid fever The rash m typhoid, 
however, usually appears first on the abdomen, contmucs to blanch on pressure 
for several days, does not become so papular or petechial, and mamtains a 
paler rose color 

Endemic flea-borne typhus occurs m the same general areas as spotted fever 
m the Southeastern states, however, the disease is usually contracted m busmess 
establishments m urban dreas during the cold months of the year Endemic 
typhus is generally a much milder disease than Rocky Mountain spotted fever, 
but may start with identical symptoms Tlie rash usually appears first on the 
chest, abdomen or back, and spreads to the extremities, it usually does not 
become so prommont nor so purpuric, and is frequently fleetmg 
Errors m diagnosis usually occur in the clinically very mild infections or in 
the fuhnmatmg types 


LABORATORY TESTS 

For diaiftiosts 

No test IS available which will quickly establish the diagnosis early m the course 
of the disease A conclusive diagnosis can be made by recovery of the mfectmg 
organism from the patient The infectton lest is the most accurate method of 
provmg the rickettsial etiology, but the results cannot be obtamed quickly enough 
to be of use in plannmg specific therapy 
The riekettsias are found in the blood throughout the first and part of the 
second week, disappearmg when clinical improvement begms The parasitemia 
IS heavy m severe cases, but may be quite light m mild ones Male gumea pigs 
weighing about 400 to 500 Gm can be infected by the mtrapentoneal mjection 
of 1 cc or more of whole blood transferred by syringe directly from the patient 
at the bedside (21) Citrated whole blood and ground blood clot can be used, 
but are less desu-able, plasma and serum are not reliable If the mfection is very 
mild or if the blood has been drawn late m the course of the disease, 2 to 5 cc 
should be used, more than 5 cc of human blood may be toxic to the anunal 
In fuhnmatmg cases blood removed from the heart withm several hours after 
death wall usually be infectious Blood shipped to a laboratory may not give 
a positive reaction after several hours m transit 
The temperature of the pig should be taken daily by rectum and the scrotum 
exammed for swelling, reddenmg, and necrosis If the reaction is positive, fever 
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appears in 2 to 6 days, rising for four to five days from the mavimnm normal 
temperature of 103 8°F (39 9°C.) to 105°F. (40 5C.). The severity of the disease 
in gumea pigs bears no relationship to the vmilence of the stram for the patient. 
In mild guinea pig infections a febrile reaction may be the only indication of 
illness; in severe cases the animals will die. When there is a definite scrotal 
reaction, experienced mdividuals can differentiate the gross lesions from those 
of endemic typhus, with which they are often confused Smears from the tunica 
vaginalis should be made, and will show nckettsias m most cases. If more con- 
clusive evidence is desired, serologic tests can be nm on survivmg animals, or 
they may be given an immunity (protection) test by inoculation with a challeng- 
ing dose of a Rocky Mountam spotted fever stram of nckettsias. 

Rickettsias isolated at autopsy from gumea pigs or human patients may be 
grown in fertile hens’ eggs by moculation of the yolk sac with 0 5 to 1 0 cc of a 
suspension of ground infected tissue. It is not yet established whether this tech- 
nique IS suitable for primary isolation of the organisms from whole blood 

Although hhod cultures perfonned by the usual bacteriologic tecimiques will 
not grow the rickettsias, blood should be taken for culture several times daily 
for two to three days when the patient is first seen. Because simultaneous mter- 
current disease, such as tick-bome tularemia, may occur, the blood should be 
planted on special media contammg cystine for Pasteurella tularensis and under 
increased carbon dioxide tension for Neissena meningitidis 

The most widely used confirmatory diagnostic procedure is the agglutination 
test employmg a strain of proteus bacilli and the patient's serum (Weil-Felix 
reaction) (22) The test is not specific for Rocky Mountain spotted fever and does 
not differentiate between the various rickettsial mfections On the whole, how- 
ever, it is the most useful and practical test available, although it may fail to 
confirm unusually mild mfections or those m which there is an early fatal termi- 
nation The OX^® stram of Proteus vulgans is usually employed, the patient’s 
serum is serially diluted and its ability to clump a suspension of the organisms 
is observed 

Agglutmins begin to appear during the peak of the disease or early in convales- 
cence, and the titer rises progressively. Three blood samples should, therefore, 
be taken* the first when the disease is suspected, another during the second week, 
and a third durmg late convalescence. The first sample is seldom diagnostic 
and is used mainly as a control on the second and third A titer of 1 . 160 is highly 
suggestive, but a titer of 1:320 is the lowest that can be considered defimtely 
diagnostic A progressive rise durmg convalescence is as important as the final 
height of the titer. 

The reaction usually will disappear withm a year, though the titer may rise 
again with any subsequent infection which produces fever (anamnestic response). 
The reaction apparently depends on the presence of an antigen common to 
nckettsias and the proteus bacillus, one antigen has been found to be a specific 
soluble substance, probably a polysaccharide 

The complement fixation test is a specific reaction for the spotted fever strain 
of nckettsias (23) The test becomes positive at about the same time as the 
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proteus agglutination test A specimen of the patient’s scrum should be ob tamed 
as soon as the disease is suspected, and another during convalescence several 
necks after fever has subsided If the first specimen gives a negative reaction, 
a titer of 1 16 or greater in the second is diagnostic Complement fixing anti- 
bodies mil persist for at least six to eight years The antigen is prepared from the 
yolk sac of infected hen’s eggs and is commercially available, the test is tech- 
nically difficult and results are dependable only in cxporienccd hands The test 
mil be performed by the United States Public Health Service at the National 
Institute of Health, Bethesda, Maryland or at the Rocky Mountain Laboratoiy 
in Hamilton, Montana 

If the organism has not been isolated and serologic confirmatory tests are 
inconclusive, a test of the proicclivc power of serum taken from the patient during 
convalescence can be carried out m guinea pigs Admmistration of 0 5 cc of the 
serum is carried out simultaneously mth inoculation with a strain of Roclcy 
Mountam spotted fever rickcttsias carried in chick embryos or in other guinea 
pigs (12) 

Theoretically, it should be possible to make a diagnosis m the first few days 
of the infection, by means of the soluble specific substance known to bo produced 
by the rickcttsias and presumably excreted m the urme This substance can be 
concentrated and utilised as antigen for precipitation tests or other immune 
reactions against convalescent serum from a patient or gumea pig known to have 
had spotted fever This tcchnicpio is similar to that which has been used for 
typing of pneumococci 

No diagnostic skin test has been devised, and no diagnostic aid is given by 
the hematologic findings 

For ccnlrol of therapy 

The hemoghbin and red blood cell count usually show little change until the 
disease is far advanced, when a normochromic, normocytic anemia will appear 
m most cases The low point is reached between the tenth and thirteenth days 
of rash, and may precede or follow the clmical peak of the disease The hemo- 
globm may drop to 9 Gm and the red blood cell count to 3,000,000, although 
a hemoglobin as low as 6 5 Gm and a red cell count ns low as 2,500,000 are not 
uncommon 

The decrease m red cells probably is due to the debilitating effect of the disease 
it persists too long to be accounted for by an alteration m the distribution of 
the circulating blood The marked and rapid drop might suggest a hemoly'tic 
process, but measurements of pigment in the blood do not support this thesis 
Destruction of erythrocytes by specific parasitization of red cells has not been 
demonstrated Extravasation of blood into the tissues and loss in the excreta 
have not been marked, though clinical tests for occult blood in the stool are 
frequently positive 

In nearly all of the cases treated m the North Carolina Baptist Hospital the 
white blood cell count was below 10,000 m the first week of the disease Earlv 
leukopenia, with total counts of 4,000 to 6,000, has been quite fiequent m 
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such cases h differential count shows a neutropenia As the disease progresses, 
the white blood cell count frequently rises above 10,000 — ^more often in the range 
of 13,000 Peaks above 20,000 or below 10,000 are relatively uncommon, each 
occurring in about one fifth of the cases The highest coimt we have observed 
was 33,750, the lowest 3,350 When counts above 15,000 are seen they are usually 
in children (24) 

As the disease progresses and leukocytosis develops, an mcrease is noted m 
polymoiphonuclear cells, with a shift toward the left in the Schilling hemogram 
The young cells are mostly of the band and stab type, toxic granulation of the 
polymorphonuclear cells is frequent In man3’- cases the leukocytosis is associated 
with the appearance of secondary bacterial infection or follows hemorrhage 
The alterations m the total and differential white cell count are discussed further 
below 

The unnalysis at the onset usually shows no abnormality, although the 
urme volume may be reduced as a result of madequate fluid intake or decreased 
glomerular filtration pressure A trace of albumin consistent with the degree of 
dehydration may be present As the disease progresses, slight albummuria may 
appear, possibly as the result of fever, but it persists for only two or three days 
Alb um m m la was not maiked m any case in the Baptist Hospital series; half of 
the patients had none at any time In 5 cases there was a 1 plus reaction for 
albumm, and m 2 the reaction was 2 plus or greater Occasionally the alterations 
of acute nephritis (red cells and casts m the urine sediment) are present in 
addition to albummuria Five cases m our senes of 46 cases showed small numbers 
of led cells (2 to 5 per high power field m a centrifuged specimen) for periods 
of one to three days. Occasional hyaline and granular casts were seen in 8 cases 

The benzidine test for occult blood in the stool is frequently positive, occasionally 
gross bleedmg or massive hemorrhage from the bowel may occur as a compli- 
cation 

The cerebrospinal fluid wiU frequently show alterations which reflect the clmical 
evidence of encephahtis, although the changes cannot be correlated closely with 
objective neurologic manifestations (24) In many mstances the pressure is 
normal; m other cases, pressures as high as 300 mg of spinal fluid are recorded 
Elevations m globulm, as measured by the Pandy reaction are rare Quantitative 
estimations of spmal fluid protems showed an mcrease m three of 18 detennma- 
tions, the maximum level observed was 265 mg per 100 cc The spmal flui 
protem, composed chiefly of the smaller albumm molecule, may mdicate t at 
the permeability of the cerebral capillaries to protems is not markedly mcrease 

The spinal fluid sugar is usually withm the normal range 40 to 60 mg per 
100 cc The spmal fluid chlorides are usually m the range of high normal va ues 
100 to 118 milhequivalents per liter (584 to 688 mg per 100 cc ) In almost erery 
lumbar puncture m the Baptist Hospital series small numbers of red blood ce Is 
from 1 to 20 per cubic miUimetei' — ^were found m the spmal fluid on taps per- 
formed without trauma. The white blood cells, predominantly small mononu- 
clears, were found mcreased m 5 mstances, numbering from 10 to 22 cells per 
cubic milhmeter. 

For the first few days of the disease, blood chemical determinations are most often 
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•Within normal limits As tho disease progresses, profound alterations in electro- 
lyte balance and in protein metabolism usually occur (18, 20) Tho decreased 
intake of fluid and food, and the inoicascd sweating caused by fovei are reflected 
by a drop in blood chlorides, ivhich may reach levels below 80 milliequivalents 
per liter (468 mg per 100 cc ) The carbon dioxide combinmg poner is usually 
not greatly altered With dehydration and a decrease m the urinary output, the 
nonprotcin nitrogen rises, occasionally exceeding 85 mg per 100 cc When the 
urinary output becomes adequate, tho nonprotein nitrogen drops, reaching nor- 
mal levels by the time convalescence begins The level of the nonprotein nitrogen 
elevation cannot bo correlated with the degree of protein destruction 

The circulating blood proteins, which are usually normal early in the coui-se 
of the disease, begm to drop during the first week and reach their lowest level 
late in the second week, about the time the clinical peak occurs It is not un- 
common for the total semm protems to fall as low ns 4 to 5 Gm per 100 cc The 
serum nlbumm falls to a greater extent than the globulin fraction, and frequently 
drops below 2 5 Gm — a level frequently said to be critical for the formation of 
edema In addition to the depletion of the tissue stores, which is shown by the 
drop m circulatmg blood proteins, a marked destruction of body protems is 
reflected by the greatly increased excretion of nitrogen m the urme The equiva- 
lent of 3 to 6 Gm of protem per lologram of body weight may be recovered 
daily as urmary nitrogen 

Increased capillary fragility can usually be demonstrated qualitatively by tho 
application of a blood pressure cuff, it can be measured quantitatively by a 
simple suction technique utilizing glass syringes and a manometer 

The blood platelets are within normal limits and apparently are not responsible 
for the hemorrhagic phenomena 

The prothrombin time is usually normal early in the course of the disease 
although it may become elevated later Usually an abnormal prothrombm time 
■will revert to normal following the admmistration of vitamm K In one mstance 
however, the prothrombm time remained above 2 minutes and 30 seconds for 
five days in spite of the daily parenteral mjection of 4 mg of vitamm K it re- 
verted to normal with convalescence The defect m prothrombin formation is 
apparently associated with hver damage 

Serial liver function studies have been performed on 16 patients m the Baptist 
Hospital series The serum bilirubm, ns measured by the van den Bergh test 
was elevated m only one instance— a case m which other tests also showed' 
evidence of extensive liver damage In 5 cases a bromsulfalem test showud 
retention of the dye The galactose tolerance test was within normal limits m 
all cases The changes m the albumm globulm ratio and prothrombm time, dis- 
cussed above, may indicate some impairment m the synthesis of protems 
Alterations m the conjugation and excretion of hippuric acid were noted after 
oral or mtravenous admmistration of sodium benzoate This defect usually 
occurred durmg the third week, just after the clmical peak of the disease or m 
early convalescence In all cases, all hepatic functions returned to normal durmg 
late convalescence A high protem diet will afford protection agamst liver damage 

Phenolsulfonphthalein excretion tests of kidney function usually fall withm 
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the range of normal, Uiea clearance tests are usually normal (70 per cent or 
better) or they may fall withm the range of slight or questionable impairment 
of renal function, with a clearance of 50 to 70 per cent. Occasional patients 
(3 out of 16 in the Baptist Hospital senes) show definite evidence of renal damage, 
with a urea clearance of less than 50 per cent. 

The elecirocardtogram shows nonspecific changes m T waves which aie snudar 
to those found m myxedema, beriberi, or edema of any kind Prolongation of 
the P-R mterval and other changes which can be confused with rheumatic fever 
have been infrequently observed The changes usually revert to normal during 
convalescence. 

Serial determinations of the circulating hlood volume by the Evans-blue technique 
reveal a normal blood volume (3400 cc. of plasma for a man weighing 70 Kg. 
or 150 pounds) early m the disease. A transient diminution is seen m severe cases 
at the clmieal peak of the disease (between the twelfth and fourteenth days of 
rash), with a return to normal during the period of lysis (19) The degree of 
alteration may be as much as 15 to 20 per cent of the control value. In mild or 
moderately severe cases, the blood volume may not be significantly altered 
Indeed, where no defect m capillary permeability exists, the blood volume may 
actually be increased if fluids are given to excess; this situation is of more than 
academic mterest, smce the plethora may overload the myocardium and set 
the stage for the precipitation of central circulatory (congestive) failure. 

Determinations of the eztravascular fluid space following the injection of sodium 
thiocyanate show a gradual mcrease from the first week to a maximum at the 
clinical peak of the disease (19) The amount of fluid m the extravascular space 
may mcrease to almost twice the normal value of approximately 13,500 cc. for 
a man weighing 70 Kg (150 pounds) After the fever begms to subside, the fluid 
IS gradually mobilized and excreted, and the thiocyanate space returns to 
normal durmg late convalescence 

The levels of specific chemotherapeutic agents in the hlood should be followed 
when such agents have been administered. The blood level of paia-aminobenzoic 
acid (PABA) can be determmed by the techniques used for sulfonamides. Because 
of the rapid excretion of the drug, blood should be drawn withm 30 minutes 
after the administration of a dose Serum levels of antibiotics can be measure 
by biologic or spectrophotometric techniques, but the accuracy of the determina- 
tions and the correlation of the blood levels with clmical response are not yet 
completely worked out. 

Bactenologic cultures of blood and sputum for the common gram-posi ive 
COCCI which secondarily mvade the lungs should be made to determine e 
necessity for antibiotic therapy m the treatment of complications. 

For prognosis 

In the Baptist Hospital series, we were rmable to predict the ultimate clinical 
seventy of the disease or the outcome from either the total or the differentia w le 
hlood cell count Severe or fatal cases may show either a low or a high tota coim . 
A marked rise m the total count frequently, but not always, heralds the deve op- 
ment of a complication. 



KOCKY mocntain spotted feveh 


357 


In the differential count, the percentage of nonsegmented polyniorphonu- 
olears IS usually highest near the clinical peak of the disease Reversal of the usual 
ratio between the segmented and nonsegmented forms is not common, with 
recovery, the nonsegmented forms return to low levels The most constant 
alteration is a rise in small lymphocytes concomitant with clinical recovery 
This rise occurs regardless of the total white blood coll counts throughout the 
course of the disease Indeed, the rise may produce a relative neutropenia, and 
lymphocj te counts of 60 to 70 per cent arc encountered 
Alterations in the percentage of monocytes arc not remarkable, though 
occasional patients will have a single count of 10 to 15 per cent Eosinophils 
usually tend to disappear during the acute phase of the disease and reappear 
w ith defervescnce Counts above 2 per cent have not been seen in the absence 
of serum sicluiess The only fatal case in which eosinophils were present was 
that of a patient who died from a massive hemorrhage after the fever had 
begun to drop Basophils also tend to disappear during the acute phase of the 
disease, they appear with surprising frequency in the range of 1 to 3 per cent 
during early convalescence 

The sedtmentahon raic remains elevated and is of little aid in estimating the 
prognosis or detecting the development of complications 
A delay in the appearance of agghUtmns for proteus OX” or the complement 
fixing antibodies is not sutBcienlly dependable evidence on which to base a poor 
prognosis Patients may exhibit clinical recovery before the immune titers have 
reached significant levels 

On the whole, clinical evaluation of the degree of toxicity, the extent of the 
hemorrhagic phenomena, and the amount of edema has been more helpful 
than any simple laboratory procedure m estimating the prognosis 

TBBATMENT 

Specific therapy 

Rocky Mountam spotted fever presents an extremely difficult therapeutic 
problem Until the diagnosis is definitely established by the appearance of the 
rash, therapy should be expectant The prophylactic administration of specific 
serotherapy and chemotherapy after tick bite and before the development of 
clmical signs has not yet been shown to be effective Specific therapy is most 
efficacious if it can be started at the earliest sign of rash, its value is progressively 
dimmished after the first week of the disease 
Serotherapy An effective hyperimmune rabbit antiserum, processed to con- 
centrate the unmune bodies m the globulm fraction, is commercially available 
(25) Pull therapeutic doses of serum given soon after the rash appears usually 
lessen the clmical seventy of the disease and reduce the toxemic symptoms, 
though the beneficial effects are somewhat transient The recommended dose 
IS 1 cc per kilogram (or 2 pounds) of normal body weight It is mtended for 
mtramuscular admmistration, though it can safely be given intravenously 
In our experience with the serum, best results have been obtamed when this 
dose IS repeated daily for three days and when the mitial dose is given before 
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the third day of rash, if begun after this time, serum therapy causes little, if 
if any, clmical improvement (30). 

In some mstances the rash is markedly altered by serum therapy, this altera- 
tion may mdicate a lessening of the vascular damage On theoretical giounds 
one would expect that the serum might prevent vascular damage and leakage 
of protein into tissue spaces In our limited experience, serum treated patients 
have had less edema than patients tieated with supportive therapy alone 
The admimstration of antiserum, however, does not prevent alterations in the 
total serum protems and the albunnn-globulm ratio. 

Though the processmg of the serum reduces the number of allergic reactions, 
la skin test or a conjunctival test for h 3 npersensitivity should be given before it 
as admmistered Serum sickness may develop in the second week after injection 
pnd produce urticaria, jomt pains, and a rise in fever accompanied by eosmo- 
ihilia. The discomfort can be reduced by aspirm given orally and adrenaline 
njected subcutaneously; m some mstances antihistammics by mouth or the 
intravenous administration of a 1 per cent solution of procaine is effective in 
relievmg the symptoms. 

The development of potent antibiotics, such as those discussed below, may 
relegate serum therapy to use only m extremely toxemic patients or in those 
who have an idios 3 mcrasy to chemotherapeutic agents 
Chemotherapy Since the rickettsias are located mtranuclearly, the ideal chemo- 
therapeutic agent should be able to penetrate two cell membranes of the parasit- 
ized host cells An agent which could be admmistered prophylactically after a 
history of tick bite m an endemic aiea, or early m the course of the disease 
before the rash is fully established durmg the stage of heavy parasitemia, would 
not have to penetrate cells As yet no chemotherapeutic agent has been developed 
which IS completely effective in all stages of the disease. 

The goal of chemotherapy is the development of a rickettsiocidal drug Heavy 
metals (arsenic and mercury), as 0.3 Gm of neoarsphenamme dissolved m 10 cc. 
of a 1 : 1000 solution of metaphen m water, have been given once daily at three 
to four day mtervals, but the results are not dramatic (26). 

All sulfonamtdes are dejimtely contraindicated throughout the couise of the 
disease, smce their admmistration to human beings, as well as to experimental 
animals, has mcreased the severity of the illness 

Discovery of the harmful effects of the sulfonamides m Roclcy Mountam 
spotted fevei led to the clinical trial of paroraminobenzoic acid (PABA), one of 
the B complex vitamms, which is antagonistic to the sulfonamides m the test 
tube PABA inhibits the growth of rickettsias m vivo, but a very large amount of 
the drug IS required The drug apparently activates an enzyme necessary for 
growth and accelerates cell metabolism by mcieasmg respiration. As a result 
the rickettsias suffer in the competition with the host cells, and multiplication 
of the organism is thought to be hindered The drug has been found to inhibit 
the growth of the organism m chick embryos and to be effective therapeutically 
m guinea pigs infected with Rocky Mountam spotted fever. 

For children, para-ammobenzoic acid should be given in a dose of 1 to 2 Gm. 
per kilogram of body weight daily (27) Small children should leceive the higher 
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dose, large children tlie lower dose, and children of intermediate size a dosage 
in botv,con the two The daily dose should be divided into twelve equal poitions, 
administered on a two hour schedule day and night For adults of aveinge size 
(150 pounds) the mitial therapeutic dose is 4 to 0 Gm , followed by doses of 2 
to 3 Gm every two hours It is probably wise to restrict the total daily dosage 
in an adult to a mavimum of 30 Gm daily for a peiiod of not more than one w cek 

Blood levels of 30 to 60 mg per 100 cc should bo attamed, in some instances 
a level of 60 mg per 100 cc may bo necessary to obtain a favorable response 
If definite improvement is not noted w ithm 48 hours, the dose should be increased 
to a point which w ill produce a blood concentration approaching, but not evceed- 
mg, 60 mg per 100 cc The blood concentration may build up it the uiinary 
output IS restricted In most of the repotted cases where treatment w ith PABA 
was begun early in the couise of the disease, a beneficial effect has been noted 
witlim 48 to 96 hours The effect is much less dramatic when the drug is given 
late in the course of the disease (after the seventh day of rash) 

Tlie powdered drug is flocoulont and does not dissolve readily m ordinary 
liquids When suspended m w atcr and administered through a stomach tube, 
it tends to clog up the lumen The acid is available in tablets of 0 5 Gm , but these 
must bo crushed and administered by tube to comatose or severely ill patients 
Since the drug is a weak acid, its administration m a chilled 5 per cent solution 
of sodium bicarbonate (10 cc per gram of PABA) has been recommended, es- 
pecially m children, where an mherent tendency toward acidosis exists The 
powder is more soluble m an alkalme medium, it is more palatable if suspended 
m fruit juice, which in itself has some alkalmizing power The acid cannot bo 
given parenterally. 

Tablets contaimng 0 5 Gm of the sodium salt of PABA are also available 
The salt is much more soluble than the acid, and its use makes it unnecessary 
to admmister alkalies simultaneously However, the amount of sodium contained 
may be sufficient to precipitate edema or to increase any w'hich may already be 
present It should be given m the same dose as the acid Ampules containmg 
5 cc of a 20 per cent solution or 100 cc of a 10 per cent solution have been 
prepared for intravenous administration to comatose patients Vials contaming 
2 or 5 Gm of the powdered salt have been furnished us for preparation of an 
mtravenous solution, or for use with a gavage tube 

When PABA in either form is given, the carbon dioxide combining power of 
the blood should be checked frequently Since the drug has a tendency to produce 
mild leukopenia, the total white blood cell count should be determined daily 
durmg its administration PABA may cause abdominal distention, delmmn, 
and other toxic symptoms which usually disappear quickly on withdrawal of 
the drug 

The administration of the drug should be continued for several days after the 
temperature has returned to normal The otpimum duration of therapy is not 
yet known, it is possible that the drug should be continued foi the duration of 
the expected febrile period-through the fourteenth day of rash, the two hour 
schedule should be mamtamed, though the dose may bo reduced 

PABA probablv has some effect on the host as well as on the parasite, its 
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chemical structure is related to that of salicylates, which are known to exert 
their therapeutic action on affected tissues If the drug does increase cell me- 
tabolism, the prmciples of supportive therapy outlined below must be followed 
even more closely. 

AnUhtoUc therapy The antinckettsial activity of many antibiotics has been 
evaluated Penicillm is moderately effective agamst nckettsias m eggs, but in 
animals it appears to have little or no effect Streptomycm has proven of no 
value Aureomycm, an antibiotic of the same general family as streptomycm, 
gives promise of developing mto a very useful drug for the therapy in rickettsial 
spotted fever (28) In chick embryos aureomycm is highly effective against most 
strains of nckettsias It is still more active in guinea pigs, even if it is given late 
m the course of the infection Aureomycm apparently has the property of pene- 
tratmg cell membranes and attacking nckettsias withm cells 

The drug appears to be relatively nontoxic, and can be given parenterally 
or orally. It is supplied m capsules of 250 mg for oral administration and m 
ampules contammg 50 mg, of the lyophilized drug as the hydrochloride for 
parenteral mjection. The best method of administration and the optimal dosage 
are yet to be completely worked out At this ■writmg the daily oral dose seems to 
be 50 to 100 mg per kilogram (3 to 6 Gm. daily for an adult), given on a four to 
six hour schedule Smce allcalis very rapidly mactivate the drug, none should 
be administered by mouth for at least two hours after an oral dose of aureomycm 

The parenteral dose of aureomycm should probably be in the range of 5 to 
10 mg per kilogram per day The drug is unstable in solution. If maximum 
potency is to be assured, buffered aureomycm should be freshly prepared from 
the powdered drug for each parenteral dose Parenteral mjections are somewhat 
painful, smce the drug is buffered on the acid side The discomfort can be reduced 
without loss in potency by the addition of 0 5 cc of a solution of 1 per cent 
procaine to each parenteral dose 

Aureomycin is excreted slowly through the kidney, and appreciable blood 
levels can be detected for six hours after a single mjection Serum levels can 
be determined by an assay method which employs a spectrophotometer to 
measure the growth of a standard strain of staphylococci known to be mhibited 
by the drug (28) Since the drug is apparently rickettsiostatic and acts by 
reducmg the number of organisms m the body to a point where a low degree o 
immunity is clinically effective, administration should be continued for two o 
three days after the temperature is normal. 

In severe cases, treated early m the course of the disease, a fall m temperature 
has been noted withm two to three days The patient becomes less toxemic as 
the fever subsides and the rash begms to fade The clmical response m extreme y 
ill patients treated late m the course of the disease is not so dramatic as in those 
treated earlier, but is still superior to that obtained with any other treatment 
previously tried 

Aureomycin is easier to admmister than PABA, the six hour schedule is muc 
more convenient, and no difBculty is encountered in givmg the drug through a 
duodenal tube if the patient is bemg fed by gavage. In view of the laboratory 
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evidence of the effectiveness of aureomycm against the usual secondary invaders, 
which commonly cause fatal bacterial pneumonia, simultaneous administration 
of any other antibiotic, such as penicillm, should not be necessary In our e\- 
periencc to date, complications have been less numerous than with any other 
typo of therapy Large, loose stools are noted whether the drug is given orally 
or parenterally With some lots of the drug nausea oi vomitmg has been noted, 
requiring a sraiultaneous hypodermic injection of atropine with each dose 
Since aureomycm has so far seemed to bo of low tovioity, it apparently w ould 
be safe to mstitute therapy on suspicion of rickettsial spotted fever Time is of 
the greatest unportance m preventing severe complications of the disease, and 
it IS apparently safer to administer the drug erroneously to a patient suspected 
of havmg the disease than to allow' a full blown case to develop 
Chloromycelin, another antibiotic similar to aureomycm, has also apparently 
proven effective in the treatment of Rocky Mountain spotted fever (29) It, too, 
is well absorbed from the gastromtestinal tract and is apparently of low toxicity 
Vomiting has been encountered, but no diarrhea has yet been observed It is 
furnished m the form of tablets contammg 0 25 Gm The drug has a bitter taste 
which can be disguised by pulvenzmg tablets and suspending them m a siveet- 
ened vehicle ■ 

The proper dosage of the drug, the schedule of administration, and the duration 
of treatment are yet to be determmed The mitial dose employed at this writing 
18 75 mg per kilogram of estunated body weight, admmistered m two or three 
parts at mtervals of approximately one hour After the initial dose, the drug is 
given at three hour intervals day and night m doses of 0 25 Gm for children 
and 0 5 Gm for patients above 16 years of age 
The moculation of gumea pigs with blood from patients treated with the drug 
suggests that the parasitemia disappears by the second day of treatment In all 
cases reported up to this tune, therapy with Chloromycetm, irrespective of the 
height of the precedmg fever, the age of the patient, or the stage of the disease, 
has been followed by a fall of temperature to normal levels withm 76 hours after 
the initial dose, the average duration of fever has been between two and three 
days A much larger experience with the use of this antibiotic is necessaiy to 
demonstrate whether a brief course of treatment is adequate to elunmate com- 
pletely the rickettsial infection No recurrences or recrudescences have been ob- 
served to date, however 

The administration of PABA suppresses the development of fever and scrotal 
reaction m infected experimental anunals, nckettsias appear in the circulating 
blood at the same tune as m untreated anunals (30) Immunity is not affected 
since complement fixmg antibodies appear in treated and untreated animals at 
the same time, and the rise m titer during convalescence is sunilar m both gioups 
There is some evidence that the admmistration of an antibiotic, such as aureo 
mycm, early m the course of a rickettsial infection may suppress or delay the 
antibody response, as measured by the complement fixation reaction This re 
tardation or suppression of immunity can probably be explained by the fact that 
the reduction m the number of infecting organisms early m the course of the 
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disease provides inadequate antigenic stimulation It may, therefore, be difficult 
to confirm the diagnosis by serologic methods, and protection against subsequent 
reinfection may be much less than after a full febrile course. 

The decrease in the period of prostration and convalescence before resumption 
of normal activities tends to offset the current high cost of therapy with these 
antibiotics It may be found that a combination of aureomycin or Chloromycetin 
with PABA will be even more effective than either drug alone. 

Supportive therapy 

In uncomplicated cases, diet and good nursmg care are the most important 
factors m supportive therapy, which is directed at the maintenance of nutrition 
and the prevention of cardiovascular complications and pneumonia The patients 
who aie dehydrated at the time they are first seen, especially those who have 
elevated blood levels of nonprotem nitrogen or low blood chloride levels, should 
be given calculated amounts of an isotonic solution of sodium chloride until the 
urinary flow returns to normal Those patients who have nitrogen retention but 
normal blood chlorides should be given a 5 per cent solution of dextrose in water 
If the carbon dioxide combmmg power is low, sixth molar sodium lactate solution 
should be admmistered The fluids may be given mtravenously or subcutaneously, 
but no single mjection should contain more than 20 cc. of fluid per kilogram of 
body weight If fluids can be taken orally, the same effect can be achieved with 
less danger of precipitatmg pulmonary edema 

Because of the alterations m protem metabolism, the intake of proteins should 
be mcreased as soon as the disease is suspected, m order to prevent the develop- 
ment of a full blown protem deficiency Any type of nutritious food in easily 
digested form is satisfactory. The daily diet should contain 4 to 6 Gm of protein 
per kilogram of normal body weight, depending on the age of the patient and the 
clmical severity of the disease Because damage to the liver occurs in moderately 
severe or severe cases, the diet should also be low m fat and high m carbohydrate. 
Unless an adequate caloric mtake is mamtamed, marked muscular wastmg, with 
loss of weight, occurs as the disease progresses The loss of flesh is usually masked 
by the generalized interstitial edema durmg the acute phase, but becomes evident 
durmg convalescence Even children, whose metabolism is normally higher than 
adults, will not only mamtam their weight, but may actually gam weight durmg 
the illness if supportive therapy is adequate 

In the first days of illness the patient will take food and fluid by mouth If he 
becomes delirious, comatose, or uncooperative and the desired mtake is not at- 
tamed, the diet should be supplemented or replaced by liquid feedmgs with a 
high protein content Most children are unable to take the amount and type of 
food required and should receive gavage feedmg as soon as they refuse the diet 
This procedure tires the patient less than prolonged attempts to feed him a gen- 
eral diet, and saves nursing time If necessary, either adults or children can be 
mamtamed for days with gavage feedings given every two hours through a large 
calibei nasal tube left constantly m the duodenum 

A formula which has proved satisfactory is as follows: skimmed milk, 850 cc ; 
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poudered milk, 100 Gm , com syrup, 75 Gm , concentrated fish oil to furnish 
800 units of vitamm D and 2500 units of vitamin A , niacmamide, 25 mg , ascorbic 
acid, 150 mg , thiamm chloride, 5 mg , riboflavin, 5 mg , menadione, 1 mg , or a 
water soluble sj-nthetio equivalent, 4 mg This amount contains 115 Gm of pro- 
tem, negligible fat, 118 Gm of carbohydrate, 932 calories (0 9 per cubic centi- 
meter), and adequate vitamins If the caloric intake must be increased, substitu- 
tion of whole milk for the skimmed milk will add 34 Gm of fat, the formula 
■will tlien contain 1238 calories (1 2 per cubic centimeter) The mixture thickens 
upon refrigeration, and should be warmed to body temperature before adminis- 
tration It has a consistency and flavor similar to malted milk, the addition of 
chocolate sjTup makes it sufficiently palatable to be drunk from a cup The 
admmistration of protem hydrolysates, in our experience, has been of no addi- 
tional value 

When gavage feedings arc used, the tube should be washed out with water 
after each administration of food or mcdicme It is wise to change the tube from 
one nostril to the other at least every forty-eight hours, the nose and pharynx 
should be rested several hours before remsertion 

The mtake of all vitamms should be mcreased Vitamins A, Bi, C, and K should 
be given m full therapeutic doses because of their possible effect on infection, 
shock, capillary fiagihty, and the bleeding tendency, respectively Niacm should 
be given m the form of the amide, smee niacin itself (nicotinic acid) may not be 
methylated m the presence of liver damage The excretion of vitamms has been 
found to be mcreased m spotted fever, m fact, the breakdown products of nico- 
tmic acid have been excreted m larger quantities in spotted fever than in any 
other infectious disease observed in our hospital (31) 

As the disease progresses, alterations m capillary permeability become evident 
The degree of disturbance observed m the blood chemical findmgs, especially m 
the nonprotem mtrogen and chloride values, requires attack The administration 
of glucose and salme will cause the blood chemical values to return to normal, 
but the altered capillary permeability permits plasma to be washed out (32) The 
circulatmg plasma protem may thus be reduced sufficiently to alter osmotic 
equilibnum further and to allow more crystalloids to remam outside the blood 
vessels This vicious cycle leads to peripheral cu-culatoiy collapse (medical shook) 
The serum protems drop precipitously m such mstance, the circulatmg blood 
volume IB decreased, and the available fluid space mcreased 

If the plasma proteins are found to be tow or falling rapidly, or if an appre- 
ciable drop m systolic and diastolic blood pressures gives evidence of impending 
circulatory collapse, preformed protems should be ndmmistered Intravenous 
replacement therapy m the form of purified albumm, plasma, or whole blood 
mcreases the intravascular osmotic pressure enough to allow' crystalloids to be 
given safely Not all the replaced protem will be retamed m the blood stream, 
but some crystalloids will be reabsorbed mto the blood vessels on the venous side' 
A very large amount of preformed protem may be required to restore the circu- 
lating blood volume and blood constituents to normal We have administered as 
much as 2800 cc of whole blood and plasma m a period of 10 days to a 2 year 



362 


GEORGE T. HARRELL 


disease provides inadequate antigenic stimulation. It may, therefore, be difiBcult 
to confirm the diagnosis by serologic methods, and protection agamst subsequent 
reinfection may be much less than after a full febrile course. 

The decrease m the period of prostration and convalescence before resumption 
of normal activities tends to offset the current high cost of therapy with these 
antibiotics It may be found that a combmation of aureomycm or Chloromycetin 
with PABA will be even more effective than either drug alone. 

Supportive therapy 

In uncomplicated cases, diet and good nursing care are the most important 
factors m supportive therapy, which is directed at the maintenance of nutrition 
and the prevention of cardiovascular complications and pneumonia The patients 
who are dehydrated at the time they are first seen, especially those who have 
elevated blood levels of nonprotein nitrogen or low blood chloride levels, should 
be given calculated amounts of an isotonic solution of sodium chloride until the 
urmary flow returns to normal Those patients who have nitrogen retention but 
normal blood chlorides should be given a 5 per cent solution of dextrose in water 
If the carbon dioxide combmmg power is low, sixth molar sodium lactate solution 
should be admmistered The fluids may be given mtravenously or subcutaneously, 
but no single injection should contam more than 20 cc of fluid per kilogram of 
body weight If fluids can be taken orally, the same effect can be achieved with 
less danger of precipitatmg pulmonary edema 

Because of the alterations in protem metabolism, the intake of proteins should 
be mcreased as soon as the disease is suspected, m ordei to prevent the develop- 
ment of a full blown protem deficiency. Any type of nutritious food m easily 
digested form is satisfactory. The daily diet should contam 4 to 6 Gm of protein 
per kilogram of normal body weight, dependmg on the age of the patient and the 
clmical severity of the disease Because damage to the liver occurs m moderately 
severe or severe cases, the diet should also be low m fat and high m carbohydrate. 
Unless an adequate caloric mtake is maintamed, marked muscular wastmg, with 
loss of weight, occurs as the disease progresses The loss of flesh is usually masked 
by the generalized mterstitial edema durmg the acute phase, but becomes evident 
durmg convalescence. Even children, whose metabolism is normally higher than 
adults, will not only mamtam their weight, but may actually gam weight durmg 
the illness if supportive therapy is adequate 

In the first days of illness the patient will talce food and fluid by mouth If he 
becomes delirious, comatose, or uncooperative and the desired intake is not at- 
tamed, the diet should be supplemented or replaced by liquid feedmgs with a 
high protem content Most children are unable to take the amount and type of 
food required and should receive gavage feedmg as soon as they refuse the diet 
This procedure tires the patient less than prolonged attempts to feed him a gen- 
eral diet, and saves nursing time If necessary, either adults or children can be 
mamtamed for days with gavage feedmgs given every two hours through a large 
caliber nasal tube left constantly m the duodenum 

A formula which has proved satisfactory is as follows* skimmed milk, 850 cc ; 
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po^\dered milk, 100 Gm , corn syrup, 75 Gm , concentrated fish oil to furnish 
800 units of vitamm D and 2500 units of vitamin A, niacinamide, 25 mg , ascorbic 
acid, 150 mg , thiamin chloride, 5 mg , riboflavm, 6 mg , menadione, 1 mg , or a 
iiater soluble synthetic equivalent, 4 mg This amount contains 115 Gm of pro- 
tein, negligible fat, 118 Gm of carbohydrate, 932 calories (0 9 per cubic centi- 
meter), and adequate vitamins If the caloric intalce must be increased, substitu- 
tion of mIioIo milk for the skimmed milk will add 34 Gm of fat, the formula 
will then contain 1238 calories (1 2 per cubic centuneter) The mixture thickens 
upon refrigeration, and should be w armed to body temperature before adminis- 
tration It has a consistency and flavor smiilar to malted milk, the addition of 
chocolate sjTup makes it sufficiently palatable to be drunk from a cup The 
administration of protem hydrolysates, m our experience, has been of no addi- 
tional value 

When gavage feedings are used, the tube should be washed out with water 
after each administration of food or medicine It is wise to change the tube from 
one nostril to the other at least every forty-eight hours, the nose and pharynx 
should be rested several hours before remsertion 

The mtake of all vitamins should be increased Vitamins A, Bj, C, and K should 
be given in full therapeutic doses because of their possible effect on infection, 
shock, capillary fragility, and the bleeding tendency, respectively Niacm should 
be given m the form of the amide, smce niacin itself (nicotinic acid) may not be 
methylated m the presence of liver damage The excretion of vitamms has been 
found to be mcreased in spotted fever, m fact, the breakdown products of nioo- 
tmic acid have been excreted in larger quantities in spotted fever than in any 
other infectious disease observed m our hospital (31) 

As the disease progresses, alterations in capillary permeability become evident 
The degree of disturbance observed m the blood chemical findmgs, especially in 
the nonprotem mtrogen and chloride values, requu-es attack The administration 
of glucose and salme will cause the blood chemical values to return to normal, 
but the alteied capillary permeability permits plasma to be washed out (32) The 
circulating plasma protem may thus be reduced sufficiently to alter osmotic 
equilibrium further and to allow more crystalloids to remam outside the blood 
vessels This vicious cycle leads to peripheral circulatory collapse (medical shock) 
The serum protems drop precipitously m such mstance, the circulatmg blood 
volume is decreased, and the available fluid space increased 

If the plasma proteins are found to be low or falling rapidly, or if an appre- 
ciable drop in systolic and diastolic blood pressures gives evidence of impending 
circulatory collapse, preformed proteins should be administered Intravenous 
replacement therapy in the form of purified albumm, plasma, or whole blood 
mcreases the intravascular osmotic pressure enough to allow' crystalloids to be 
given safely Not all the replaced protein will be retained m the blood stream, 
but some crystalloids will be reabsorbed mto the blood vessels on the venous side’ 
A very large amount of preformed protein may be required to restore the circu- 
latmg blood volume and blood constituents to normal We have admmistered as 
much as 2800 cc of whole blood and plasma m a period of 10 days to a 2 year 
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old chad weighing 11.7 Kg., and 2500 cc of plasma in 36 hours to a 15 year old 
boy. 

Concentrated serum albumm (25 Gm per 100 cc ) is a very powerful osmotic 
agent and can mcrease the blood volume 14 cc. for each gram administered. This 
degree of response is not usually attamed m spotted fever, however The advan- 
tage of albumm lies m its small buUc and low salt content, though its mode of 
action is the same as that of the more widely available plasma The high protein 
diet described above, if admmistered early m the illness, will reduce the amount 
of preformed protem necessary for support of the circulation 
If the hemoglobin or hematocrit mdicates a reduction m red cells, whole blood 
would be preferred to plasma or albumm If the serum protems have been mam- 
tamed by feedmg and anemia is still present, or if a gallop rhythm, venous dis- 
tention, or other signs of myocardial failure are present, settled red cells will 
mcrease the oxygen-carrying capacity of the blood and help to overcome anoxia 
without overloadmg the circulation, the blood volume is not mcreased as much 
by the admmistration of cells alone as by the use of whole blood 
The type and quantity of parenteral therapy given should be governed by 
clinical judgement and by careful laboratory control The efficacy of supportive 
treatment should be checked by repeated laboratory determinations to be certain 
that the desired results are being obtamed. In severely ill patients, for instance, 
the total serum protems may have to be determmed at intervals of three to eight 
hours durmg the critical period. It is possible to overload the circulation m coma- 
tose mdmduals by unwisely chosen fluid therapy admmistered m excessive 
quantities through an mdwellmg duodenal tube 
Because of the possibility of myocardial damage, the quantity and speed of 
admmistration of parenteral fluids should be carefully governed to avoid over- 
loading the circulation and precipitatmg acute central (myocardial) circulatory 
failure and pulmonary edema, this danger is greater if albumm is used 

Oxygen therapy should be given by a nasal tube, facial mask, or oxygen tent 
as soon as impendmg circulatory failure, pneumonia, or myocardial failure is 
suspected If the admmistration of oxygen is withheld until cyanosis is deep and 
the mdications obvious, irreparable damage may have been done 

In view of the possibility that the defect m capillary permeability is due to 
the effect of an antigen-antibody reaction, the administration of antihistammic 
agents during the first and second weeks of rash might be helpful 
Severe headache, extreme restlessness, or mcreasmg drowsmess due to an ele- 
vated spmal fluid pressure may be quickly improved by leducmg the pressure 
halfway to the normal level, the puncture should be repeated the followmg day 
if necessary. If the optic disc margms are markedly blurred, cisternal puncture 
would be a safer procedure Hiccup, which is probably due to irritation of the 
central nervous system resultmg from vascular injury, may prove extremely 
resistant to therapy. Heavy sedation -with barbiturates, scopolamine, or other 
drugs may be necessary Herpes simplex may be troublesome but rarely is dan- 
gerous 

In the long run, the patient must still cure himself No supportive therapy 
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will be helpful unless the patient’s unmuno response can conquer the organism 
and his powers of repair are capable of overcoming the vascular defect If in 
doubt, It IS probably better to undertreat than to overtreat the patient 

Nursing care 

Nursing care should be directed toward protection of the skm, prevention of 
pneumonia resulting from inadequate aeration of the lungs, and maintenance of 
nutrition Necrosis of the skin may occur over the pressure pomts in comatose 
patients, or may develop m areas of severe hemorrhagic rash, meticulous, con- 
stant, gentle, and painstakmg care must be given to the skm to prevent breaks 
through which secondary bacterial invaders can enter, or the development of 
decubitus ulcers Frequent turnmg of the patient and the use of a rubber rmg 
will help to prevent the latter complication, turning will also delay the develop- 
ment of hypostatic pneumonia 

Diet and feeding have been discussed under supportive therapy If the patient 
has no oral feedings or is comatose, the danger of parotitis should be combatted 
by swabbing the gums several times daily with the juice of half a lemon in an 
ounce of glycerine or mmeral oil 

Occasionally, as the result of damage to the central nervous system, the patient 
may sleep wnth his eyes open Instillation of some mild protective non-evaporat- 
mg substance such as cod liver oil will prevent drying out of the cornea and the 
development of corneal ulcers 

hohlton 

Since the disease is of low infeotivity to human bemgs, except through the 
medium of the tick, strict isolation is not necessary The patient on admission 
should be carefully searched for ticks, so that they cannot transfer to the nurse 
or physician The blood of the patient early in the course of the disease is infec- 
tious if accidentally moculated under the skin through a needle prick Even 
gangrenous skin lesions, however, are not dangerous to another individual, and 
rubber gloves are not necessary to prevent transmission of nckettsias Gowns 
are not necessary A mask worn by the nurse may prevent the transfer of second- 
ary baotenal mvaders to the respiratory tract of the patient 

The excreta, particularly feces, may be potentially dangerous if allowed to dry 
so that the dust could be inhaled It would probably be -wise to mix an antiseptic 
with the excreta before disposal 


COMPLICATIONS 
Circulatory dtslurbances 

Circulatory failure is most likely to occur between the eighth and fourteenth 
days of rash, and may be peripheral or myocardial in origin The mechanism by 
which peripheral circulatory failure develops and the principles for prophylaxis 
and treatment have been discussed under supportive therapj 
Mj ocardial failure may result from the pathologic process or from overloading 
the myocardium beyond its functional capacity by overzealous fluid administra- 
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tion. Impending myocardial failure can be recognized by a rise in pulse rate, the 
development of a gallop rhythm, and an increase m venous pressure, noted first 
in the neck vems and confirmed by direct measurement in the antecubital vein 
with a spmal fluid manometer 

The presence of a gallop rhythm or venous engorgement is an mdication for 
digitalization. Digitalis should be admmistered with caution, smce a myocardium 
damaged by infection is probably more sensitive to digitalis than one failmg from 
purely mechanical reasons If the failure is sudden and is accompanied by pul- 
monary edema, strophanthin or purified glycosides of digitalis should be given 
mtravenously 


Pneumonia 

The most serious complication, and the one which most frequently leads to 
death, is pneumonia The pulmonary infection may be due to a true rickettsial 
mvasion of the lungs, m this type the sputum will be scanty and not purulent, 
and the roentgenogram will show diffuse infiltration. If this type of pneumonia 
develops, irradiation over the lungs could be added to the specific therapy de- 
scribed above 

More commonly, pulmonary congestion occurs as a result of generalized mter- 
stitial edema Protem-contammg edema fluid furnishes an excellent culture 
medium for the bacteria ordinarily found in the mouth, and may lead to pneu- 
monia The full development of pneumonitis can sometimes be prevented by the 
admmistration of protein to control the edema, and by frequent tummg of the 
patient If the edema is on a cardiac basis, the heart failure must be treated. 

Smce penicillin is a relatively harmless drug, it is probably wise to begin the 
immediate parenteral admmistration of 10,000 to 25,000 units of the aqueous 
solution every two to three hours to patients who exhibit the slightest signs of 
pulmonary disease. Aureomycm, and possibly Chloromycetin also, are effective 
agamst most gram-positive cocci, the simultaneous admmistration of penicillm 
is probably not necessary when one of these drugs is given If bacterial pneumonia 
develops under aureomycm therapy or does not respond to penicillin, it is most 
hkely due to a gram-negative rod and should be treated with streptomycm. 

Necrosis 

Gangiene may develop m the distal phalanx of an extremity, m any area of 
skm, in the scrotum, or m an ear lobe as the result of complete thrombosis of an 
artery where the collateral circulation is not adequate The mjection of procame 
hydrochloride around the sympathetic ganglia may reduce the vascular spasm 
and improve circulation, control the pam, and prevent the aggravation of rest- 
lessness Spasmolytic drugs with generalized systemic effects, such as Etamon 
and Priscol, should be used with caution in view of the already existmg tendency 
toward low blood pressure. Amputation or excision and skm graftmg may be 
necessary if other measures fail, but usually can be postponed until early con- 
valescence 
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PROGNOSIS 
In uniTcaled coses 

In untreated eases the overall mortality for the United States as a nhole has 
been about 23 per cent for the years 1939 through 1946 The mortality will be 
altered by the virulcnoe of the local strain As a general rule, the prognosis be- 
comes increasingly poor with advancmg age, the disease is especially severe m 
mdividuals past 40 years of age Topping has calculated the average mortality 
rate for patients under 40 as approximately 13 per cent, and for patients above 
that age as about 41 per cent (33) 

Vaccmation withm the year m which the infection is acquired mcreases the 
prognosis tremendously The mortality m individuals who are infected uith 
Rocky Mountain spotted fever m the same year that they u ere vaccinated has 
been estimated by Parker at 9 per cent, as compared with 76 per cent in un- 
vaccinated individuals m a comparable area (12) In addition to redueing the 
mortality, recent immunization decreases the elinical seventy of the disease and 
its duration 

It IS difficult to estimate the ultimate prognosis from the appearance of the 
patient at the time he is first seen The greater the clmical seventy of the dis- 
ease, the poorer the prognosis We have classified cases as mild if the tourniquet 
test IS negative throughout the illness, if edema is mmimal or absent, and if the 
pulse and blood pressure remam stable Moderate cases are those m which the 
patient exhibits a positive tourniquet test, slight clinical edema, tachycardia, and 
toxic symptoms The disease is considered severe if marked purpura, moderate 
to marked clinical edema, delirium, and other signs of severe infection are present 
In our experience the temperature peak and the total or differential white blood 
cell count have been of no help m estimatmg prognosis Complications, especially 
pneumonia make the prognosis poorer 

In treated cases 

Complications are decreased and the prognosis improved by specific and sup- 
portive therapy The tune m the course of the disease at which therapy is msti- 
tuted will affect the prognosis It supportive therapy alone is given, early treat- 
ment will decrease the number of complications and the extent of the physiologic 
disturbance Vigorous supportive therapy m the North Carolma Baptist Hospital 
senes of 46 cases did not prevent 8 deaths— a mortality of 17 per cent, during the 
same year, however, 92 deaths occurred in 341 cases throughout North Caro- 
lina — a mortality of 27 per cent Because of the discrepancy in the size of the 
groups the difference may not be statistically significant, but it has been our 
clmical impression that vigorous supportive therapy has saved individual pa- 
tients who would otherwise have died, and that m other cases the degree of 
toxemia has been decreased, and convalescence shortened 
In Toppmg’s experience with 52 serum-treated cases, the mitiation of anti- 
serum therapy before the thud day of rash has resulted m a reduction of mortality 
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from the expected figure of approximately 19 per cent (25). The initiation of 
unmune serum therapy after the third day of rash has not altered the ultunate 
prognosis, though it may make the patient less toxemic 

The results of treatment with para-ammobenzoic acid (PABA) are difficult to 
evaluate from the reports m the literature (24) Many of the cases were treated 
in the second week of the disease, and nnprovement began at about the time it 
would have been expected m the natural comse of the disease In cases treated 
with PABA within the first week of the disease the prognosis is fair to good and 
is better than with supportive therapy alone, after the first week of the disease, 
PABA probably has little effect on the ultimate prognosis 

Aureomycm and Chloromycetin, on the other hand, appear to be definitely 
superior to any other therapeutic agents previously tried. The prognosis becomes 
good m any except the most severe cases if treatment is started m the first week 
of the disease Late treatment m the second week improves the prognosis over 
that expected with supportive therapy, and probably with PABA Experience 
with the drugs is too limited, however, to justify an attempt to estunate the prog- 
nosis m percentage 

The duration of convalescence is definitely decreased by supportive therapy; 
it IS shortened still more by early treatment with PABA, and is decreased most 
by aureomycm and Chloromycetin therapy. Because of the wide variation m the 
severity of individual cases, it is difficult to estimate the shortenmg m terms of 
days. 


In reinfections 

Recovery from Rocky Mountam spotted fever confers a considerable degree of 
immunity, which is apparently lifelong Immunity is not complete, however, for 
second and third cases have been reported In human bemgs and guinea pigs 
treated with PABA antibody formation has not been depressed to an extent that 
would seem to make reinfection more likely. It is quite possible that early treat- 
ment with aureomycm or Chloromycetm may suppress the antigenic stimulus, 
and hence the immune response, so greatly that reinfection would occur almost 
as readily m patients who have recovered as m individuals who have never been 
mfected The protection would be about comparable to that conferred by vac- 
cmation the same number of years before 

Recovery from rickettsial spotted fever does not confer cross immunity against 
endemic flea-bome typhus or other infections with rickettsias that occur m this 
country A mmimal mcrease m resistance to other rickettsial diseases as a group 
can be demonstrated immunologically by proteus agglutmations, and m some 
mstances by cross reactions m low titer to complement fixation tests usmg other 
strams of rickettsias as antigen The degree of possible protection is of little 
clmical significance, however 


CONCLtrSION 

Rickettsial spotted fever is one of the most severe and dramatic of the acute 
infectious diseases In areas of high endemicity the mortality rate in recent years 
has exceeded that of the other common infectious diseases 
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The introduction of effective chemotherapeutic agents has initiated a new era 
in the history of tlie disease For the first time it is possible to arrest the natural 
course and to prevent the development of severe physiologic disturbances The 
studies which have been done on the marhed metabolic and functional changes, 
especially in the circulation and the metabolism of proteins, may offer some clues 
to the better understanding of all infectious processes 
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I INTRODUCTION 

The olmical features and the underlying pathological anatomy of Addison’s 
disease remam essentially as Thomas Addison described them almost a century 
ago It is particularlj in the treatment of the disease and in the elucidation 
of its pathological physiology that important advances have been made m 
recent years During this penod of therapeutic progress, the fundamental 
aberrations m electrolyte and water metabolism charactenstic of adrenal cor- 
tical destruction rvere recognized, and the existence of important disturbances 
m carbohydrate and protein economy was estabhshed The preparation of potent 
adrenal cortical extract, the use of sodium salts, the isolation of biologically 
active crystalline cortical hormones and especially the synthesis of desoxycorti- 
costerone have resulted in a marked and favorable change m the outlook for 
the Addisonian patient, who may now not only expect to survive the crises of 
the disease and live longer, but may also mamtam a useful existence 
Anatomical studies have defined more precisely Addison’s original new 
concerning the etiological role of morbid changes m the adrenal glands It has 
been demonstrated that Addison’s disease results from bilateral destruction 
of the adrenal cortex mdependent of medullary mvolvement Morphological 
changes have been observed m other endocrine glands especially the th3Toid 
and the anterior lobe of the pituitary Recently, myocardial lesions which are 
presumably secondaiy to hormonal therapy have been described 
Addison’s description included the cardmnl symptoms of the disease The 
neuropsychiatnc manifestations have become more fully appreciated m recent 
years Symptoms of hypoglycemia, unknown as such prior to the discovery of 
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insulin, are now known to constitute an important part of the clinical mani- 
festations of adrenal cortical msufficiency Symptoms due to mvolvement 
of other endocrme glands may alter the classic picture of Addison’s disease. 

The purpose of this paper is to estabhsh the present status of Addison’s 
disease This will be attempted through a consideration of fifty cases of Addi- 
son’s disease which were treated at The Mount Smai Hospital durmg the past 
twenty-two years The bedside observation of these patients, the laboratory 
data and the pertinent post mortem findmgs will be coordmated with recent 
advances in the study of the subject 

A. Patients in the 'present senes 

1. Evidence of Addison's disease All of the fifty patients considered here 
exhibited chnical manifestations characteristic of the disease Post mortem 
exammation in twenty-five cases revealed bilateral adrenal cortical destruction 
caused by tuberculosis m eighteen and by cytotoxic atrophy m stfven cases 
The remaining twenty-five patients, mcludmg eleven who are still ahve, expen- 
enced attacks of Addisoman cnsis which responded to specific therapy Blood 
sodium determmations m 23 of the 25 patients revealed subnormal values. 
In two patients, adnutted m the “pre-salt” era, who died in crisis, the diagnosis 
rests on clmical findmgs alone 

2 Incidence Durmg the twenty-two year period in which the fifty patients 
were treated, a total of 306,620 patients was admitted to the Hospital — a 
ratio of 1:6000 The incidence was higher in the second half of the twenty-two 
year penod As may be seen from table I, there were more than three times as 
many cases of Addison’s disease m the second eleven j’’ear penod This mcrease 
in mcidence is probably due to a growmg imderstandmg of the disease 

3 Age, sex and ongin There was an almost equal division of cases between 
the sexes* twenty-four males and twenty-six females Table II shows the ages 
of the patients at the time of admission to the hospital, and demonstrates a 
maximal mcidence m the third and fourth decades of life The youngest patient 
was eleven, the oldest sixty-two years of age 

Forty-mne of the patients were white, one was an Amencan Negro. Of the 
former, about half were bom m the Umted States, the others had emigrated 
from various European coimtnes 

n. THE CLINICAIi PICTURE OF ADDISON’S BISEASE 

Thomas Addison m his classic essay “On the Constitutional and Local Effects 
of Disease of the Suprarenal Capsules” (1), published m 1855, descnbed with 
remarkable completeness the clmical picture of the disease which bears his name. 
His description, although based on personal observation of only five patients, 
holds trae to this day m the vast majonty of cases It emphasizes the insidious 
manner of onset and descnbes the prmcipal manifestations Addison wrote of 
“general languor and debihty, remarkable feebleness of the hearts action, 
imtabihty of the stomach, and a pecuhar change of color in the skin ” He spoke 
of an anemia which does not occur in the sense m which the term is now used 
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Infrequently the onset may be sudden, a person apparently m good health 
may be precipitated suddenly into an Addisonian crisis following an infection 

TABLE I 


Incidence 


VEAS 

CASES or ADDtSOM S DISEASE 

TOTAL NtmDEE OT HOSPITAL 
ADMISSIONS 

1024 

1 

12,402 

25 

0 

12,847 

20 

1 

12,334 

27 

1 

12,633 

S 28 

1 

11,570 

29 

0 

11,632 

30 

0 

11,874 

31 

2 

11,650 

32 

2 

12,107 

33 

1 

13,689 

34 

3 

13,797 

35 

2 

14,108 

36 

5 

13,369 

37 

1 

14,749 

38 

7 

16,746 

39 

3 

10,074 

40 

4 

16,726 

41 

3 

16,068 

42 

2 

16,585 

43 

2 

16,986 

44 

4 

16,030 

45 

5 

15,205 

Total 

50 

279,013 


TABLE II 


Age and eex dtatnbutton 


AOS CEODP 

NUKDE* or PATIENTS 

NUMBtS or UALZS 

NUMBER or FEMALES 

0-10 

0 

0 

0 


6 

4 

1 


6 

3 

2 


16 

G 

10 


16 

8 

8 


7 

3 

4 


1 

0 

1 

Total 

60 

24 

28 


or an operation for an unrelated condition One of the cases m Addison’s original 
treatise was described as having been acute in its development and rapid m 
its course Usually, however, the patient becomes progressively asthemc, expen- 
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ences a slow but continued loss of weight, loses appetite, and either becomes 
himself aware or is told by others of a change in the color of his skm The very 
appearance of the patient with Addison’s disease often suggests that these 
symptoms are present 


A Asthenia 

All fifty patients^ complained of persistent or recurrent progressive weakness, 
thirty-two patients volunteered this as their first symptom The asthenia is 
often obvious, the patient looks and acts fatigued, often even while lymg in bed 
The speech is frequently slow and languid, and the patient may state that even 
thinkmg requires undue effort 

One approach to an understanding of the asthenia is provided by the results 
obtained ^vlth therapy In many patients there is notable diminution of weakness 
after the use of sodium salts alone The addition of desoxycorticosterone acetate 
results in further improvement and provides relief of this symptom to a greater 
number of patients A few patients also require the use of cortical extracts 
Despite all these measures, in five of the cases the weakness was not appreciably 
alleviated These patients had manifestations of involvement of other endocrine 
glands 

While the aberration in salt metabohsm is of great importance in the produc- 
tion of asthenia, alterations in carbohydrate and protein metabolism also play 
important roles Hypoglycemia occurs m Addisonian patients and in adrenalec- 
tomized animals This suggests that the weakness may be due, at least in part, 
to simple lack of fuel The admmistration of glucose to adrenalectomized animals 
was found to delay the development of symptoms of adrenal cortical msuf- 
ficiency and to prolong life for a short period (2) Similar treatment proved to 
be decidedly beneficial m temporarily relievmg the weakness of Addisonian 
patients (3) 

More recently, Ingle and Lukens found that the work abihty of adrenalec- 
tomized rats could be significantly restored by infusions of glucose (4) Ingle 
(5) had previously shown that, whereas the work performance of the adrenalec- 
tomized rat was but slightly improved by the administration of sodium chloride, 
it was markedly improved by mjections of cortical extract contaming carbo- 
hydrate-active hormones Ingle also demonstrated (6) that the administration 
of desoxycorticosterone acetate had a negligible effect in maintainmg the work 
capacity of adrenalectomized rats as compared to the carbohydrate-active 
corticosterones 

It IS difllcult to appraise the importance of any'’ one metabolic disturbance 
in the production of the asthenia For example, the sodium salts and DCA* indi- 
rectly affect the carbohydrate metabolism by increasing the absorption of sugar 
from the intestinal tract, with a consequent mcrease in hepatic storage of glyco- 

^ Case histones and data pertaining to many of these patients have appeared in other 
publications (22), (97), (98), (155), (174), (177), (210), (211), (232) 

® The abbreviation DCA will be used frequently henceforth to denote desoxycorticoster- 
one acetate 
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gcD Similarlj , cortical extract and crystalline corticosterone have a salt-retaining 
action in addition to their profound effect on intemiediary metabolism 
Hypotension may contnbute to the production of asthenia as evidenced by 
the improvement in some patients irith adrenalin or other pressor substances 
However, sodium salts, alone or in conjunction with adrenocortical hormones 
are required for lasting improvement 

B Loss of weight 

Loss of weight is one of the cardinal symptoms of Addison’s disease All of 
the patients in the present senes had lost weight, one patient lost sixty-five 
pounds in a year, another, sixty pounds w'lthm six months The smallest loss 
was ten pounds, and the average w'as twenty-five pounds The patient appears 
to be dehj drated as well as thin As noted by Addison, the patient is not cachec- 
tic despite the wasting 

The following factors contribute to the loss inanition resulting from gastro 
mtestinal symptoms and from impaired intestinal absorption (7), chrome 
dehydration secondary to the loss of sodium (8) , disturbances m intermediary 
metabolism, mvolvement of other endocrine glands the thyroid, the pituitary 
and rarely the pancreas, active tuberculosis 

C GastroinlesUml mamfestations 

Gastrointestinal manifestations were so marked m the first case m this senes 
admitted to the Hospital in 1924 that poisoning was suspected and Addison’s 
disease was recognized only at autopsy The patient had noted the sudden onset 
of nausea and vomiting following the ingestion of a meal in a restaurant Pro- 
tracted vomiting persisted as the outstanding symptom for two w'eeks until 
the patient died in collapse, two days after admission to the hospital More 
commonly the patient is first troubled with anorexia of insidious onset which 
ultimately becomes severe This is often accompanied by nausea and vomiting, 
less often by diarrhea A small percentage (16%) had an moreased desire for 
salty food The most common symptom in the present senes was anorexia, 
which occurred m 80% of the patients, the most severe was vomitmg, observed 
m 60% of the patients, the least frequent was diarrhea, which occurred in but 
BIX of the fifty patients Several patients complained of persistent anorexia, and 
a few of recurrent diarrhea, even after the blood electrolyte content and the 
blood pressure had been restored to normal 
There are experimental and chmeal observations which suggest that the 
anorexia is related to the loss of sodium or to the acidosis which it produces 
Allers and Kendall (9) noted that thirty to sixty days after adrenalectomy, 
dogs developed anorexia followed by persistent vomiting despite adequate sodium 
chlonde mtake The serum bicarbonate in these animals had fallen to thirty 
volumes percent The addition of sodium bicarbonate or sodium citrate to the 
dogs’ diet resulted in restoration of their appetites and general well-being 
Groat (10) using rats, observed an even more direct relationship of the anorexia 
to the administration of sodium chlonde He noted that untreated adrenalec- 
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tomized rats ate but little food, whereas adrenalectomized rats receiving sodium 
chloride showed a renewed mterest in food and mamtamed a food mtake which 
was withm normal range Parallel results in Addisonian patients are common 
clinical experiences 

Although increased appetite for salty food occurred in so few patients that 
its diagnostic value is questionable, experimental observations mdicate that 
this symptom is related to adrenocortical insufficiency It has been found that 
adrenalectomized animals prefer a diet contammg increased amounts of sodium 
chloride and that followmg treatment "with cortical hormone the appetite returns 
to normal (11, 12) 

The frequent occurrence of gastric achlorhydria also suggests a relationship 
between the anorexia and the electrolyte disturbance. The relationship of diar- 
rhea to achlorhydria is well Icnown. The absence of free hydrochloric acid was 
noted m 50% of the patients in this series ivhose gastric contents were analyzed, 
and similar findmgs have been reported by other authors (13) However, no 
definite relationship could be established m the present series between the occur- 
rence of gastrointestmal symptoms and the presence of achlorhydria The ad- 
ministration of dilute hydrochloric acid did not correct the symptoms m all of 
the patients who had an achlorhydria In one patient the anorexia persisted even 
though free hydrochloric acid reappeared in the gastiic contents followmg 
treatment with DCA and sodium chloride On the other hand, in the majority 
of cases all of the gastrointestmal symptoms responded favorably to treatment 
with salt alone, or salt with DCA or cortical extract indicating that the altered 
electrolyte metabolism is responsible, to a large extent, for the production of 
these symptoms 

Other explanations must be sought for the persistence of gastromtestinal 
symptoms in some patients despite treatment In one of the patients atrophy 
of the antenor lobe of the pituitary gland was encountered at post mortem 
examination, m two patients clmical evidence of multi-glandular endocrine 
involvement was present Hyperplasia of the lymphatic elements in the gastro- 
intestinal tract occurs, and pancreatic atrophy has been repoited Mild degrees 
of hepatic msufficiency have been observed clmically (14), and more marked 
changes of liver damage have been observed at post mortem exammation (15), 
(16) In the present series the liver was normal m only one of eighteen cases 
examined histologically ® Changes commonly seen in many other diseases were 
noted These consisted of conspicuous vacuolization of hver cell nuclei, fatty 
changes within the lobules, leucocytic infiltrations m portal fields, central lobular 
congestion and atrophy, and focal parenchymal atrophy 

1 Abdominal pain, peritoneal syndrome A few patients complained of vague 
abdominal pain One patient had pain similar to that accompanymg peptic 
ulcer, but this symptom disappeared followmg the use of DCA and salt Symp- 
toms similar to those encountered m acute peritonitis, mcludmg diffuse abdommal 

’ The histological data presented in this paper are part of a more detailed study of the 
morbid anatomy of Addison’s disease earned out in collaboration with Dr Frederick u 
Zak 
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tenderness, ngidity of the abdominal musculature, hiceough, vomiting and 
prostration, have been noted bv several authors since Ebstem (17) first called 
attention to a “pentonitis-like" sjTidrome in the terminal stages of Addison’s 
disease One patient m the present senes expenenced protracted abdominal 
pain, lower abdominal direct and rebound tenderness and fever — a picture 
liighly suggestive of subacute peritonitis However, autopsy revealed hemor- 
rhagic necrotizing destruction of the adrenals without evidence of peritonitis 
It IS concluded that the abdommal symptoms were probably due to marked 
penadrenal inflammation In two patients the abdominal pain was due to acute 
cholecystitis, m a third patient to acute appendicitis 

D Ptgmcntalion 

1 Incidence Pigmentation is the most striking sign encountered in Addison’s 
disease It occurs m a very high percentage of cases, and was observed m all but 
one of the fifty patients in this senes In ten patients if was the first symptom 
noted However, the presence of pigmentation is not necessarily of diagnostic 
significance, since a similar discoloration of the skin occurs m other diseases 
Although earlier authors (18) frequently repoited cases of Addison’s disease 
without pigmentation, more recent reports stress the ranty of such an occur- 
rence A recent report of Beck et al (19) deals -with an instructive case with 
fatal outcome in which there was complete absence of pigmentation 

2 Descnplton, location The cutaneous pigmentation has been described 
variously as tan, brown, bronze, smoky and negroid All of these color grada- 
tions were observed in the present senes However, the most frequent color 
described was tan Several of the patients stated that their pigmentation began 
as a sun-tan which persisted after the summer had passed, became permanent 
and gradually darkened The pigmentation is usually diffuse although the ex- 
posed surfaces are often darkest 

The presence of pigmentary changes m unexposed parts of the body is of 
greater clmical significance The most important and most frequent* are the 
poorly demarcated patches of brown-grey, grey-black or blue-grey pigment on 
the labial mucocutaneous junction, m the mucous membrane of the vestibulum 
oris, on the gums, on both parts of the palate, and at times also upon the tongue 
Pigmentation in the mouth, ns elsewhere, occurs frequently m parts subjected 
to pressure and should be looked for on edentulous gingival ridges and especially 
beneath dentures However, similar pigmentation con occur in normal Negroes 
and m persons of Mediterranean origin 

Pigmentation of diagnostic importance is also found in operative and other 
soars and in the folds of the axillae, the palms and fingers, and in places where 
pressure is exerted such as the elbows and the hatband region, or where a re- 
straining or tight-fitting garment has been worn One patient in the present 
senes, a fifty year old boolAeeper, had pigmentation of the elbows only There 
may be increased intensity of the normal areolar, perianal, and genital pig- 

* Present m 80% of the cases in this senes 
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E Cardioctrculatonj mamfcslalions 


The essential tardiocirculatory manifestations were descnbed by Addison 
in the five cases which he observ cd He emphasired the “small and feeble pulse” 
and the remarkable feebleness of the heart’s action consistent with the later 
described arterial hypotension The observation m one case of “a kind of famtmg 
fit upon risuig to have his bed made” would now be recognized as a symptom of 
postural hypotension The symptoms later designated as manifestations of 
cnsis were descnbed by Addison The heart was noted to be small at autopsy 
Roentgcnographic and electrocardiographic studies have amplified Addison’s 
findings in this respect 

1 Arterial hypotension Over 90% of the patients in the present series ex- 
hibited hypotension at tlie time of admission to the hospital The blood pressure 
in Addisonian patients is subject to the same fluctuations on exertion or with 
excitement, and the same diurnal V’ariation as found in other individuals (23) 
"True” blood pressure readings w ere obtained m scv'eral patients only by repeat- 
ing the dctcrmmation after a fiv c or ten-minute interval, and by takmg the 


pressure at various times in the da> The average s>stohc pressure, m patients 
other than those in crisis or undergoing treatment, was 00 mm Hg, and the 
average diastolic G5 mm Hg, the values m females were generally somewhat 
lower than those m males One patient, who gave a historj of having had hyper- 
tension previous to the onset of sjTnptoms of adrenal insufficiency, had a blood 


pressure of 140/70 before treatment Other observers have noted similar findings 
(23) The indications are that the hypotension depends not only on the degree 
of adrenal insufficiency, but also to some extent on the patient’s prev lous state 
of arterial tension However, all patients in crisis exhibited marked degrees of 
hypotension 


2 Postural hypotension Many patients in adrcnocoitical insufficiency experi- 
ence dizziness and faintness with a change in posture, indicating that m addition 
to the hypotension a postural component is present This circumstance is em- 
phasized by Ghrist (31) who demonstrated that a decline m both systolic and 
diastolic pressures took place when the Addisonian patient, placed on an adjust- 
able table, was brought from a reclining to an upright position Concomitantly 
there was an increase in pulse rate, a change which Rowntree and Snell (23) 
did not observe m essential postural hypotension 
Several factors are involved m the production of the hypotension and its 
postural component Apart from the possible direct effect of the hormone on 
the arterioles and the heart, disturbances m the electrolyte and water, carbo- 
nydrate and protein metabolism arising from the adrenocortical hormone 
eficieney are important Some authors suggest that reduction m the basophilic 
cells of the anterior pituitary lobe, a frequent occurrence, may contribute to 
e production of the low blood pressure (125, 126) 

treatment of patients in adrenocortical insufficiency with sodium chlonde 
!ind water alone or in conjunction with DCA or cortical extracts results m eleva- 
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tion of the blood pressure. Since this occurs concomitantly with restoration of 
the fluid and electrolyte balance the latter is undoubtedly important m the 
correction of the hypotension A favorable influence on the blood pressure prob- 
ably also results from the indirect effect of DCA and salt or a direct effect of 
cortical extracts on nutrition and carbohydrate metabolism The question of a 
direct effect of DCA on the blood pressure is raised by the fact that highei blood 
pressure levels may be obtained m Addisonian patients treated with DCA m 
addition to sodium chloride than with the latter alone It is known that the 
synthetic hormone can produce hypertension in these patients, and Perera, 
Loeb et al (32) also observed a similar effect in three patients without adrenal 
disease In an Addisonian patient who had had hypertension prior to the onset 
of hypoadrenahsm, Perera noted (33) that blood pressure remained at hyper- 
tensive levels when DCA was given but dropped to normal when salt alone was 
used In the present senes, the development of hypertension appeared to vary 
with the individual patient rather than with the amount of hormone given, a 
phenomenon also shown in the data of Perera et al (32) Small amounts of DCA 
were capable of producmg hypertension in some Addisonian patients, but in 
others the administration of large amounts of DCA over long periods of time 
did not result in an elevation of the blood pressure above the normal levels 
obtained with the use of sodium chloride alone Recently, Knowlton, Loeb, 
Stoerk and Seegal observed that sodium chloride potentiated the hypertensive 
(and other toxic) effects of DCA on normal rats and rats made nephritic with 
a cytotoxic serum (34) 

Further light is shed on the mechanism underlying the hypotension by the 
work of Christ (31), Rowntree and Snell (23), Swmgle (35), Loeb (29), Talbott 
(36), and their co-workers Christ directed attention to the lack of vasomotor 
tonus in untreated Addisonian patients, a defect which does not occur m essential 
hypotension according to Rowntree and Snell Workmg with animals, Svr ingle 
et al obtamed evidence suggesting that the rise m blood pressure m dogs treated 
with DCA IS due to an mcrease in artenolar and capillary tone. Loeb would 
ascnbe the increase m blood pressure, since it may result from the use of sodium 
chlonde alone, to an ion effect on the vessels rather than to direct hormone 
action However, these deductions are not in accord with other observations. 
For example, strikmg improvement may be seen in adrenalectomized anima s 
following a large dose of cortical extract and before any demonstrable change 
occurs in electrolyte or water content of the blood (29) Talbott and his co- 
workers have recently obtained evidence in Addisonian patients of a persistence 
of diminished efferent glomerular artenolar tone even after many months treat- 
ment with DCA Vasopressor drugs have no lasting effect on the hypotension 
and do not correct the postular component. Thus it appears that the hypotension 
is manifested by a lack of vasomotor tonus secondary to the absence not only 
of DCA but probably also other cortical hormones. 

3 Cnsts The most serious and strikmg cardiocirculatory abnormality 
occurs in this disease is the vasomotor circulatory collapse Imown as the Addi- 
sonian cnsis. In the present series it occurred at least once in forty-five of the fifty 
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patients, and in twenty instanooa it was the cause of the patient’s first hospitali- 
zation Clinically crisis closely resembles traumatic shook except that it is not 
neces^rily acute m onset It usually begms with vomiting which persists and 
is soon accompamed by progressive weakness followed by apathy and drowsi- 
ness These symptoms may develop in the course of a few hours to a few days 
Physical examination reveals a rapid thready pulse, a subnormal blood pressure, 
soft eyeballs and other evidence of dehydration and shock Fever is frequently 
present, but subnormal temperature may also be encountered Infrequently the 
onset IS very sudden, all of the manifestations appearing abruptly If untreated 
the vomiting becomes protracted and the weakness profound, the blood pressure 
continues to fall, the patient develops marked signs of delinum, lapses into coma 
and dies 

a Preapiiahng factors Crisis may ensue without a demonstrable precipitat- 
ing cause However, it has long been known that patients with Addison’s disease 
are extremely susceptible to infection (37), trauma, operative procedures, and 
excessive exertion (19) A mild upper respiratoiy infection may precipitate a 
fatal crisis In the present senes, thirty-three patients suffered at least one cnsis 
followmg a respiratory infection High fever may be noted under such circum- 
stances, even when the infection is mild Hyperpyrexia may occur without 
demonstrable infection (38) Minor operative procedures, such as dental extrac- 
tion, were formerly very much feared because they often precipitated a fatal 
crisis Despite the advancement in therapy, major surgical intervention is still 
poorly tolerated by these patients, death often ensuing from crisis However, 
cases have been reported m which successful major operations were performed 
(39) 


b Pathological physiology The outstanding manifestations of cnsis are 
comparable to those of traumatic shock In both conditions the volume of 
circulating fluid and the blood pressure are reduced, the pulse rate is increased 
the concentration and viscosity of the blood, the blood urea nitrogen, and the 
blood non-protem nitrogen content are all mcreased (40) However, the Addi- 
sonian cnsis IS usually produced by a lack of cortical hormone Secondary to 
this deficiency is a loss of electrolyte and water through the unnaiy and gastro- 
intestinal tracts which leads to a reduction in the circulating volume of fluid 
(8, 41, 42) Patients suffenng from cnsis do not respond to treatment which 
restores the volume of circulating fluid unless adequate amounts of sodium are 
given, alone or m conjunction wnth DCA or cortical extract 


Experimental work provides additional evidence concerning the intimate 
relationship between cnsis and adrenocortical deficiency A large dose of cortical 
extract may provide striking improvement before any demonstrable change m 
electrolyte or water metabohsm has occurred (29) Certain types of shock m the 
adrenalectomized animal, such as those due to stress procedures, are influenced 
favorably only by treatment with carbohydrate-active cortical hormones and 
not at all by DCA (43) (44) Other types respond to DCA distmctly better than 
to the carbohydrate-active corticosterones, but this response depends on previous 
treatment with extracts containing small amounts of the carbohydrate-active 



384 


S ZELIG SORKIN 


hormones (45). It is significant that cortical hormones are meffective in the 
treatment and prevention of shock in the intact animal (46, 47) Thus, cnsis 
probably reflects the manifold effects of a deficiency of all active cortical hor- 
mones 

4 Electrocardiographic findings Abnormal electrocardiographic tracings are 
frequent, especiaUy after treatment with DCA (48, 49, 39, 22). The abnormahties 
observed are: low voltage of the QRS complexes, prolonged PR and QT inter- 
vals, low or mverted T waves, slight depression of RT segments, absent or small 
R4 waves, smus bradycardia Such changes were foimd m twenty-four of thirty 
patients in the present series However, m five patients there was post-mortem 
evidence of organic heart disease unrelated to the Addison’s disease. Normal 
tracings were obtamed in six patients prior to treatment Prolonged treatment 
with DCA and salt resulted m the development of ECG aberrations in these 
patients, and progressive changes were noted m 50% of all patients receiving 
this therapy. One patient, whose electrocardiogram before treatment was nor- 
mal, developed sinus bradycardia, slurring of the QRS complexes and T wave 
inversions when treated with an excessive amount of DCA Withdrawal of the 
hormone resulted in a return of the tracing to normal, but after treatment with 
maintenance doses of DCA and sodium chloride for two years RT depressions 
and T wave changes appeared. 

The presence of abnormalities in the electrocardiogram pnor to any treatment 
suggests that the changes may be related to the adrenocortical msufficienc^. 
A relation between electrocardiographic changes in adrenalectomized dogs and 
renal retention of potassium has been suggested (50, 51) Other factors must 
also be considered. These mclude the effect on the myocardium of the lowered 
blood sodium and chloride values, the decreased blood volume, the general 
malnutntion, the disturbances m carbohydrate and protein metabolism 

The development or progression of electrocardiographic abnormalities during 
treatment ivith DCA may be related to several factors Hypopotassemia result- 
mg from the treatment may be responsible The occurrence of electrocardio- 
graphic changes in association with spontaneous hypopotassemia is knoivn 
(52, 53) The electrocardiographic changes may be due to the presence of myo- 
cardial lesions In the present senes focal myocardial necrosis was noted in seven 
of eight patients who had been treated with DCA These lesions were not present 
in any of the eleven patients who died before DCA was in use The I^ions ob- 
served were similar to those recently reported in a case of Addison s dise^e 
(54) and to the focal myocardial necroses which can be produced m animals by 
potassium deprivation or by admimstenng excessive amounts of DCA (55, 5Q, 
57) Other contributing factors mclude the increase m the blood vol^e, t e 
hypertension and the cardiac enlargement, all of which can be produced by 
the synthetic hormone The myocardium may also be affected by the deficiency 
of the cortical factors concerned with carbohydrate and protem metabolism 
uncorrected by treatment with DCA and salt 

5. Cardio-roentgenographic findings A smaU^ heart is revealed by x-ray ex- 
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amination m untreated cases of Addison’s disease (58) Treatment with PCA 
and sodium salts results m an mcrcasc in the heart size, and recently x-ray 
determination of the cardiac dimensions has been recommended as a means of 
gauging the effect of such treatment (59) 

F Dislurhancc in renal funclton, electrolyte and water metabohsm 
1 Impaired renal concentration During cnsis, changes indicative of marked 
impairment of kidney function are readily demonstrated A marked mcrease in 
the blood non-piotein nitrogen often occurs, and there may be an appreciable 
elevation of blood sulfate, creatinine, unc acid and phosphate Ie\ eis The most 
significant findings, those of excessive loss in the urine of sodium, ohlonde and 
water, are almost ala ays encountered in adrenocortical insufficiency A negative 
water balance is revealed by charting the fluid intake and output, and routine 
unnalysis often discloses evidence of impaired renal concentrating power In 
the present senes, the specific gravity of the unne was usually less than 1 020 
and did not exceed 1 022 m any of the patients who exhibited clinical evidence 
of adrenal cortical insufficiency or were in cnsis Talbott and his co-workers (30) 
also noted a maximum specific gravity of 1 024 or less in ten Addisonian patients 
who were studied carefully while receiving adequate salt or hormone therapy 
Tishberg (00) states that if kidney function is unimpaired the specific gra\ ity of 
the unne will exceed 1 022 and often go as high as 1 032 during a concentration 
teat Impairment of iirmary coneentratmg power is often present even m the 
dehydration of cnsis, attnbutablc to the antecedant negative salt balance 
Gtoenhow , in the Crooman Lectures of 1875, noted that the urme was generally 
of low specific gravity (01) Impairment in renal concentrating power was 
emphasized by Rosenow (02), and Rowntree and Snell (23) Romitree (03), 
earlier reported decreased excretion of phenolsulphonphtbalem in ten of twelve 
patients who w'ere examined durmg an intercntical penod 
2 Urinary clearance studies More precise studies were made possible by the 
development of methods measunng the unnary clearance using creatinme, 
inuhn, diodrast and glucose Margitay-Becht and Gombn (04) applied the 
creatinme clearance test of Rehberg (05) to three Addisonian patients before 
and after injectionB of adrenal cortical extract Prior to treatment there was 
marked reduction in the clearance values Followmg the parenteral admini- 
stration of cortical extract a significant increase occurred in the amount of 
blood cleared per minute, but restoration to normal of tubular function and 
glomerular filtration took place in only one of the three patients 
Talbott and his co-workers (36) recently made a very thorough study of 
renal function in ten patients suffering from Addison’s disease In addition to 
the commonly used methods (determination of serum non-protein nitrogen 
content, urme concentration test, phenolsulphonphtbalem excretion, intravenous 
pjelograpbj), they employed newer clearance tests for mulm, creatinme, dio- 
drast, glucose, sodium and potassium (66, 67) These procedures were earned 
out while the patients were under treatment with sodium chloride, later they 
were repeated when DCA was added Two of their patients were also given 
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adrenal cortical extract In contrast to the paucity of findings revealed by the 
commonly used methods, the clearance tests disclosed evidence m all of the 
patients of consistent impaument of all the aspects of renal function which were 
measured The rate of formation of glomerular filtrate and of tubular reabsorp- 
tive capacity for glucose were most affected The rate of plasma flow m the kidney 
was affected less and the maximum tubular capacity for excretmg diodrast was 
affected least The filtration fraction was depressed below normal The ad- 
mimstration of desoxycorticosterone acetate alone or m conjunction with 
corticak extract corrected these deficiencies only partly and temporarily It is 
of mterest that Talbott et al. (36) were unable to demonstrate any significant 
alteration in the tubular absorption of water or any dissipation of sodium in the 
Urme either before or durmg treatment with DCA However, as these authors 
pomt out, their findmgs are not in keepmg with observations on adrenalecto- 
mized animals, and they emphasize that the patients were under treatment and 
not suffermg from adrenal cortical msufi&ciency Followmg the mjection of 
DCA, an increased renal clearance of potassium was noted. This was due mainly 
to an increase in glomerular filtration 
Results similar m many respects to those of Talbott et al were obtained m 
the very recent studies of kidney function earned out on a similarly treated 
group of patients with adrenal msufficiency by Waterhouse and ICeutmann who 
employed manmtol and para-ammo-hippuric acid clearance tests (68, 69, 70). 
The (hstmctive features of the derangement of renal function found m these 
studies (71) were (a) permanent decrease of renal blood flow and glomerular 
filtration rate m all patients and (b) reduction of the maximum capacity of the 
tubules to excrete para-ammo-hippuric acid in all female patients The latter 
aspect of renal function was normal m all the males except two who had hyper- 
tension Treatment of several female patients with testosterone proprionate and 
adrenal cortical extract in addition to salt and DCA was without sigmficant 
effect Waterhouse and Keutmann stressed the consistent findmg of decrease of 
renal blood flow and glomerular filtration rate regardless of the presence or 
absence of impairment of the tubular cells to excrete para-ammo-hippuric ac^ 
Then data led them to postulate a reduction m the effective vascular bed in t e 
ladneys with resulting decrease of renal plasma flow and concomitant le uc 
tion in the rate of glomerular filtration 

An additional point of mterest was the possible use of the filtration fractwn in 
determinmg the underlying pathology in adrenal cortical insufficiency ase 
on their own findings and on the similar results of Talbott et al , Water ouse an 
Keutmann pomted out that the patient with Addison’s disease prior to spec c 
treatment apparently will show a low filtration fraction whereas t e ™ ^ ® 
patient with panhypopituitarism may be expected to have a g ra ion 

fraction . . 

To s umm arize, patients havmg Addison’s disease present evi ence ° ^ 
paired renal function Marked changes are encountered durmg ens^ i ore 
precise methods reveal unequivocal evidence of impairment durmg e in er 
critical penods 
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3 Basis of renal dysfunction It appears unlikely that the renal dysfunction 
has an anatomical basis Talbott and his associates concluded from their own 
findmgs and a review of the literature that “structural changes (in the kidney) 
are observed infrequently in Addison’s disease and cannot be held responsible 
for the functional impairment" (36) This view is also borne out by the patho- 
logical findings in the present senes Conspicuous round cell infiltration, usually 
m the cortex, was found m the kidneys in eight out of twenty-one cases In four 
of these cases there was focal cortical atrophy, and in a fiiftli case subcapsular 
atrophy was present 

The experimental work of Harrison and Harrow (72) appears to have con- 
siderable bearing on the pathogenesis of the renal dysfunction Following adrenal- 
ectomy in dogs, Harrison and Harrow found an inability of the renal tubular 
cells to reabsorb sodium in a normal manner from the glomerular filtrate at a 
time when the concentration of sodium in the plasma was low There was also 
mabihty to excrete potassium and phosphate normally when these ions were 
present m high concentration in the blood plasma Secondary to the loss of 
sodium and chlonde, there occurred a dimmished rate of glomerular filtration 
These changes in the adrcnalectomized dog could be reversed m part by the 
administration of sodium salts and completely reversed by the injection of 
adrenal cortical extract 

4 Loss of sodium and water in the unne and from extracellular fluid A special 
interrelation between the renal tubules and the adrenal cortex may be respon- 
sible for the duninished abihty of the former structure to reabsorb sodium m a 
normal manner in adrenocortical msufficienoy However, the tubular dysfunc- 
tion may be part of a generahzed inability of all the body cells to retam salt 
In any event the chief loss of salt and water is through the unne, each milh- 
equivalent of sodium being excreted with 6 5 c c of water (73) 

A corresponding change occurs m the composition of the extracellular flmd 
In order to equalize the osmotic pressure between the sodium-depleted, hypo- 
tonic, extracellular fluid and the cells which it bathes, water probably leaves the 
extracellular fluid and enters the cells, (Gamble) (74) As a result, the loss of 
sodium through the unne is acoompamed by a twofold loss of water from the 
extracellular fluid, a loss through the renal tubule and a loss into the cells 

5 Sodium loss through intestines Loss of sodium and water also takes place 
through the intestmal tract This results not only from vomiting and diarrhea 
but also from impaired absorption of electrolyte through the lumen of the 
intestme (75) Such impairment occurs m adrenalectomized annuals and can be 
corrected by injections of cortical extract (76) Gastromtestmal disorders aug- 
ment but are not prunanly responsible for the loss of electrolyte and water inas- 
much as significant dehydration precedes the onset of the vomiting and diarrhea 
m the experimental animal (8) A similar sequence of exents is commonly 
observed in Addisonian patients 

6 Potassium retention In adrenal cortical destruction the blood plasma 
potassium level is elevated, in sharp contrast to the reduction in plasma sodium 
and chloride There is a similar inverse relationship in the urmary excretion of 
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potassium as compared to that of sodium and chloride. An increase of the potas- 
sium content of the mtercellular fluid and of the cells accompanies the increased 
concentration of this ion m the plasma, probably because of the failure of the 
renal tubule to excrete adequate amounts of potassium ion (72) However, it 
has been suggested by Marenzi (77) that a disturbance m the potassium-bmding 
ability of the cells may also play a role m producing the mcreased concentration 
of this ion in the blood plasma Marenzi found that adrenalectomized animals 
fixed injected potassium m the tissues less readily than did the controls 

7 Effects of DC A on electrolyte and wader metabohsm DCA has a pronounced 
effect on salt and water metabolism, greater than that of any other cortical 
hormone available It reduces the loss of sodium excreted by the kidney (78, 79) 
thus mcreasmg the concentration of sodium, chloride and water in the blood 
plasma and extracellular fluid It may also have a favorable influence on the 
sodium metabolism in adrenalectomized animals and Addisonian patients by 
influencing the absorption of this ion from the intestinal tract (75) and by 
abolishmg vomiting and diarrhea Desoxycorticosterone has a marked effect 
on potassium metabohsm It mcreases the excretion of potassium in the urme 
(80) and regulates the passage of this ion into and out of cells (81) The admm- 
istration of desoxycorticosterone will also prevent the increase m intracellular 
potassium (82) These effects are not hmited to Addisonian patients or adrenalec- 
tomized animals, but take place m normal subjects and animals The inability 
of this hormone to restore renal function completely to normal in patients having 
Addison’s disease (36) may mdicate that DCA is not the only adrenal cortical 
hoimone which mfluences renal function DCA apparently has no direct action 
on carbohydrate or protein metabolism 

8 Sodtum chloride excreting hormone Thom and his co-workers noted that 
ll-desoxy-17-hydroxy corticosterone manifested a less marked sodium and 
chloride retammg effect than desoxycorticosterone (83) This led these authors 
to examine the effect of the addition of an hydroxyl group on C 17 of corti- 
costerone The compoimd which resulted, 17'hydroxycorticosterone, had not 
only a less marked sodium and chlonde retaming effect than the original com- 
pound, but actually facihtated the excretion of these ions (84) This work sup- 
ports the view that the adrenal cortical regulation of salt and water metabohsm 
depends not only on the participation of a salt-retainmg but also a salt-excreting 
hormone (85) In this concept it was also postulated that the human a rena 
cortex besides manufacturmg these hormones could also imder certam con i- 
tions convert one mto the other 

G Disiurhances tn carbohydrate and protein metabohsm 

1 Hypoglycemic symptoms. The symptoms and signs discussed thiw far were 
all mentioned m Addison’s ongmal description of the disease. He could not have 
known that some symptoms were due to hypoglycenna Subnormal blood glucose 
values were first noted m adrenalectomized animals and m Addisoman patien s 
by Forges (86) fifty years after the disease had first been described. The dis- 
covery of insulin, some seventy years after Addison’s paper revealed that ^7?°' 
glycemia can produce weakness, dizzmess, headache, sweating, fainting, shoe , 
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peculiar types of behavior and certain neurological aberrations (87) Such mani- 
festations arc often difficult to differentiate from those due to sodium depletion, 
unless relief is obtained following the ingestion of glucose Sjmiptoms of bjpo- 
glyccmia occurred at one time or another in CO^ of the patients in the present 
senes 

2 Symplomkss hypoglycemia Subnormal or low normal fasting blood sugar 
values were obtained in 80% of the patients considered, but about half of this 
number had no clinical manifestations of hypoglycemia at the time the blood 
was drnvm Hon ever, as observed by other authors (23, 88) these patients 
showed a marked tendency to develop strilung hypoglycemia This occurred 
especially under the following circumstances fasting for twenty-four or more 
hours, following the oral or intravenous administration of large amounts of 
glucose, dunng fever or infections, when undergoing operative procedures re- 
gardless of the type of anesthesia used Thom et nl (88) noted that hypoglycemia 
can also result if the patients arc fed a diet which is high m fat and low in carbo- 
hydrate content These authors emphasized that the threshold for hypoglycemic 
symptoms is decreased m Addisonian patients 

3 Other mamfestatums of disturbance in carbohydrate mclabohsm Patients 
suffering from Addison’s disease frequently have a low normal basal metabolie 
rate, a decreased glj comic response to epinephrine, a sensitivity to insulm, a 
flat type of glucose tolerance curve following oral administration of sugar, and, 
as showm by Thom et at (88), an absence of rebound m the blood glucose curve 
following intravenous admmistration of sugar, a high standard respiratory 
quotient and an increase over normal in respiratory quotient following glucose 
administration In the present senes 13 out of 18 patients exhibited a flat oral 
glucose tolerance curve following administration of 1 75 grams/kilo of glucose, 
and a basal metabolic rate of less than minus 10% was found in 13 out of 20 
patients 

4 Nature of the disturbance in carbohydrate metabolism Animal axpenmental 
work provides direct evidence of a relationship between the adrenal cortex and 
carbohydrate metabohsm, as claimed by earlier workers (80, 89, 90, 91, 92) 
Britton and Silvette, beginnmg in 1931, demonstrated that adrenalectomy was 
followed by a disturbance in carbohydrate metabolism, manifested by hypo- 
glycemia and a depletion of hepatic and muscle glycogen and prevented or 
corrected by adrenocortical exi,Tact (93, 94) As a result of their fundamental 
work and the subsequent contributions of other authors, it is now Icnown that 
the followrmg phases of carbohydrate metabolism may be disturbed in adreno- 
cortical insufficiency 

a Faulty intake and absorption of carbohydrate There is a reduced mtake of all 
foods, including carbohydrates, as a result of the anorexia, in Addisonian pa- 
tients and bilaterally adrenaleotomized animals The rate of absorption of glucose 
from the small bowel is dimmished (7) Fasting results m hypoglycemia and m 
the animals is accompanied by a marked fall m hepatic glycogen (93, 94) 
Treatment with sodium salts and adequate feeding can prevent or coiTect these 
manifestations in animals and in some patients (96, 96) 

Impaired intestinal absorption of glucose in Addisonian patients was demon- 
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strated by Thom et al. who obtafined flat oral, but normal mtravenous glucose 
tolerance curves (88) Followmg prolonged treatment with DCA and salt, the 
oral glucose tolerance curve became more normal, reflecting an improvement m 
the mtestmal absoiption of glucose Similar observations were made m the 
present senes. However, the improvement was apparent only if capillary blood 
was examined; venous blood determmations yielded flat curves persistently 
(97, 98), mdicatmg that DCA and salt therapy mfluenced the mtake and absorp- 
tion of carbohydrate, but apparently did not affect the mcreased rate of glucose 
utilization in the tissues The latter, accepted as an alteration characteristic of 
adrenocortical msufficiency, will be discussed below 
b Disturbance in glycogenesis and glycogenolysis Britton and Silvette were 
the first to demonstrate that the admmistration of cortical extract could prevent 
or correct the hypoglycemia and glycogen depletion of adrenalectomized animals, 
a rise in the blood sugar level and an mcrease of the glycogen stores was also 
observed m normal animals Recently Britton and Corey (99) demonstrated 
that perfusion of the hver of an adrenalectomized rat with a Rmger gum-glucose 
solution did not result m significant glycogen storage (even if msuhn were 
given) unless cortical extract was added to the perfusmg medium On the other 
hand, Seckel provided evidence that cortical extract decreases the rate at which 
hepatic glycogen is converted to glucose (100) 
c. Faulty formation of carbohydrate. Long, Katzm and Fry noted that the 
augmented blood glucose content and the mcreased hepatic glycogen content 
resultmg from cortical extract was accompanied by an mcrease in urmary 
nitrogen excretion (95) The ratio of the extra glycogen formed to the extra 
nitrogen excreted indicated that the mcreased glycogen could be entirely ac- 
counted for by conversion from endogenous protein stores This work is m accord 
with the earher observations of Evans (101) who noted a reduction m the 
nitrogen excretion of fastmg adrenalectonuzed animals, and of Long and Lukens 
(102) who pointed out that the alleviation of pancreatic diabetes by adrenalec- 
tomy was attended not only by a decrease m glycosuna but also in urmary mtro- 
gen. The administration of cortical extract to the pancreatectonuzed adrenalec- 
tomized ammals resulted m an mcrease in the excretion of both glucose and 
nitrogen Parallel findings were obtamed m phlorhizm treated adrenalectomized 
anunals Normal animals treated with phlorhizm excreted several times as 
much glucose and nitrogen as did similarlj’’ treated adrenalectomized anmm s 
(101). However, when the latter were also treated with cortical extract or car o- 
hydrate-active cortical hormones there resulted a loss m body weight accom- 
panied by mcreased glycosuria and increased urmary nitrogen excretion ( ) 

That the adrenal cortex exerts an influence on mtermediate protem an 
carbohydrate metabolism is also substantiated by other observation, usse 
and Wilhehni (104) recently corroborated and extended the work o irnenez 
Diaz (105) which showed that kidney slices from adrenalectomized anima s 
not deammize ammo acids at a normal rate Russell and Wilhelmi also s owe 
that such tissue oxidized certain keto acids and succinic acid at rates ess an 
normal Samuels et al (106) noted that the feeding of alanme resulte m ess 
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glycogen storage m adrenaleotomized than in normal rats Lewis and his co- 
workers (107) observed that the formation of glucose from lactic and pyni\ac 
acids, as well as from alanme, is subnormal in the adrenalectomized phlorluzinized 
rat The formation of glycogen from lactic acid ■nas found to be retarded (108) 
in the liver of adrenalectomized rata Pyruvate and glycogenic amino acids also 
do not appear to undergo glycogenesis at a normal rate in the hver tissue of the 
adrenalectomized animal (88) However, the addition of adrenal cortical extracts 
to hvei slices from rats resulted in a conversion of lactic and pyruvic acids to 
carbohydrate at a rate greater than normal (109) While further confirmation is 
necessary, there seems to be little doubt that the formation of carbohydrate from 
the intermediate products of protem and carbohydrate catabolism is impaired 
when adrenal cortical hormone is lacking 

Similar views have been expressed on the basis of observations in Addisonian 
patients Thom et al (88) noted a favorable mduence on the carbohydrate 
metabolism following the administration of adrenal cortical extract, 17-hydroxy- 
11-dehydrocorticosterone, or corticosterone Elevation of the blood glucose level 
follownng an intravenous glucose test was accompanied by an increase m the 
urmary nitrogen excreted and a decrease in the respiratoiy quotient Their data 
suggested that adrenal cortical hormone increases the ability of the organism 
to form glucose and glycogen from intermediary products of both carbohydrate 
and protem metabohsm, and in this manner regulates the utihzation of carbo- 
hydrate 

d Impaired vtiUzation The rapid rate at which hepatic glycogen duninishes 
in a fasted adrenalectomized animal cannot be ex-plamed by faulty protein 
catabolism alone This indicates that the tissues are oxidizing carbohydrate at 
an abnormally rapid rate In keeping with this view, Ingle and Thom (110) 
noted that adrenalectomy corrected the glycosuna of partially depanoreatized 
diabetic rats but did not decrease the excretion of nitrogen Evans (101) also 
found that adrenalectomy resulted m an mcreased tendency of the glucose-fed 
animal to oxidize carbohydrate, and a decreased ability to store it as glycogen 
The converse, an increase in the glycogen stores and a decrease m the amount 
used in the tissues, was obtamed m similarly fed adrenalectomized anunals by 
Russell (111) followmg injection with adrenal cortical extract Long, Katzin 
and Fry (95) had previously observed that the mjection of cortical extract m 
glucose fed normal rats resulted in a depression of the respiratory quotient indi- 
cating decreased carbohydrate oxidation (as compared to glucose-fed normal 
rats not so mjected) 

A Bunilar depression of the respiratoiy quotient in Addisonian patients (88) 
suggests that the cortical hormones inhibit the utilization of carbohydrate m 
these patients However, MacBryde and de la Baize (112) recently observed 
while treatmg Addisonian patients with the “highly carbohydrate-active” pork 
extract, that the glucose content of the venous blood was decreased despite the 
fact that simultaneously there occurred a significant increase m the capillary 
blood-glucose content The increase in the arteriovenous glucose difference was 
interpreted as indicating that mcreased and not decreased tissue oxidation of the 
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sugar had resulted from the use of the extract Eespiiatory quotients were not 
reported The possibility that the decrease in the venous blood-glucose is due to 
increased carbohydrate storage in the tissues was not ruled out It will be re- 
called that a similar arteriovenous glucose difference was noted m patients in the 
present series who received prolonged treatment with desoxycorticosterone 
acetate alone The evidence favors mcreased tissue oxidation of carbohydrate 
when the adrenal cortical hormones are laclang 

e Insuhn-corhcosterone antagonism The antagomstic effects of the carbo- 
hydrate-active corticosterones to msuhn, demonstrated by Jensen and Grattan 
(113) help to explam the reduction m tissue oxidation of carbohydrate produced 
by the cortical hormones These authors were able to protect mice agamst in- 
sulm hypoglycemia by injecting cortical extract or corticosterone acetate, thus 
demonstratmg that these substances mhibit the action of msulm In consonance 
with these findings is the very recent work of Con and his collaborators (114, 
115) which demonstrates that adrenocortical extract enhances the inhibitmg 
effect of anterior pituitary extract on hexokinase, whereas insulin counteracts 
this inhibition of the enzyme. 

f Summary Adrenocortical insufficiency leads to a profound disturbance in 
several important phases of carbohydrate metabolism This includes not only a 
reduction in the intake and the mtestmal absorption of carbohydrate but also 
mvolves its storage, formation and utihzation 

5 The carhohydrate-active cortical hormones A thorough presentation of this 
subject was recently published by Ingle (116) The six biologically active hor- 
mones may be divided mto two groups — ^the desoxycorticosterones and the 
corticosterones The latter possess an hydroxyl group at C 11 as shown 
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There is a marked difference m the action of the two groups 11 -Desoxyco ico 
sterone is concerned chiefly with electrolyte and water metabolism, w e e 
oxygenated C 11 steroids of the corticosterone type exert a marke e ec on 
carbohydrate and protein metabohsm The effects may be ehcited not on y in 
the absence of the adrenal cortex but also when this organ is mtact 
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H Mamfestalions of other endocrine gland dysfunction 

Adrenal cortical destruction is associated ■with anatomical changes and dys- 
function of other endocrine glands Observations on experimental animals 
relate the adrenal to the pituitary (117), the thyroid (118), the gonads (119), 
the pancreas (102), the thymus (120, 121), and perhaps the parathyroid (122, 
123) This relationship is also manifest m patients sufienng from Addison’s 
disease 

1 Pituitary gland a Hypopituitarism Symptoms characteristic of adrenal 
cortical destruction, such as asthenia, loss of flesh, loiv blood pressure and 
hypoglycemia are also present m patients afflicted ivith fibrosis of the anterior 
lobe of the pituitary gland as seen in Simmonds’ disease (124) This suggests 
that the pituitary gland may also be involved in Addison’s disease The histo- 
logic evidence of such involvement consists of a slrikmg reduction m the number 
of basophilic cells m the anterior pituitary lobe (125, 126), in some mstances 
fibrosis of this portion of the hypophysis is present (127, 128) The anterior 
pituitary lobe, examined m seven cases m the present senes, showed a marked 
reduction m the number of basophilic cells in five cases, four of which showed 
additional significant alteration A marked reduction m the number of eosino- 
philic cells and widespread fibrosis were each respectively present in tw o cases 
It IS entirely probable that the morphologic changes in the anterior pituitary 
lobe may be responsible for some of the clinical manifestations of Addison’s 
disease liraus (125), and Crooke and Russell (126), who noted the reduction 
m the number of basophilic cells, pointed out that this change might play a role 
m the production of the hypoglycemia and the hypotension in Addisonian 
patients, smce hyperpituitarism due to basophilic adenomata of the pituitary 
gland IS accompanied by hyperglycemia and hypertension These and such other 
manifestations of pituitary dysfunction as stenlity, may be due directly to in- 
volvement of the anterior lobe of the hypophysis and indirectly to dysfunction 
of other endocnne glands 

b Evidence of primary adrenocortical involvement The alterations in the 
pituitary gland noted above occur m cases of adrenocortical destruction due 
either to idiopathic atrophy or to tuberculous destruction This is strong evi- 
dence that the pituitary changes are not the precursors of, but rather the sequel 
to adrenal cortical destruction Further proof that the changes m the adrenal 
cortex in Addison’s disease mcludmg those due to non-tuberculous idiopathic 
atrophy are of a primary nature is provided by the histo-pathologic studies of 
Crooke and Russell (126) These authors examined the histologic structure of 
the adrenal gland in five cases in which there was adrenal atrophy secondary to 
destruction of the anterior lobe of the pituitary gland They found that the 
changes in the adrenal gland were those of simple atrophy not associated with 
cellular infiltration or fibrosis even though the cortex was reduced m depth and 
the cortical cells were reduced in number and size The appearance differed 
markedly from that seen in the idiopathic cellular atrophy encountered m 
Addison’s disease 
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2. Thyroid gland Atrophy of the thyroid gland occurs in Addison’s disease 
The incidence of thyroid changes is so high in association with cytotoxic adreno- 
cortical atrophy that the existence of a bi-glandular disease, thyro-suprarenal 
disease (M B Schmidt), has been suggested (129) However, similar changes 
m the thyroid occur m Addison’s disease of tuberculous etiology, and in prac- 
tically all cases of adrenocortical destruction in which the thyroid is involved 
other endocrme glands are also affected In the present series the thyroid gland 
showed significant changes m twelve of sixteen cases Marked replacement of 
the parenchyma by extensive lymphocytic proliferation occurred m seven 
cases, m tliree of which conspicuous fibrosis was also present The lymphocytic 
proliferation replaced a considerable amount of glandular parenchyma producing 
a virtual atrophy 

The thyroid atrophy may be so extensive in some cases of Addison’s disease 
that symptoms of hypothyroidism should have resulted Mild symptoms may 
easily be masked by those of adrenocortical origm However, classical myxedema 
has been encountered by Rowntree and Snell (23) A somewhat similar case is 
described by Marsh (130), and Brenner (26) mentions symptoms of m 30 cedema 
in several patients 

a Hypothyroidism Several patients m the present series had symptoms of 
hypothyroidism One patient had classical myxedema which became manifest 
durmg treatment for Addison’s disease. The basal metabolic rate dropped to 
mmus 30 per cent and the blood cholesterol content rose to 450 mgm. per cent 
Improvement was noted when small amounts of thyroid extract were added to 
the cortical hormone and salt therapy In a second case in which the basal meta- 
bohc rate gradually decreased withm a six year period from mmus 10 to minus 30 
per cent clmical manifestations of hypothyroidism were present, but thyroid 
extract although well tolerated was without significant effect A third patient 
presenting defimte clinical manifestations of hypothjToidism had enlargement 
of the thyroid gland as seen m diffuse colloid goiter 

b. Hyperthyroidism The clmical s 3 Tnptoms of Gaves’ disease and correspond- 
mg histo-pathologic changes in the thyroid gland have also been encountered 
in Addison’s disease A recent clmical report of Thom et al deals with such a case 
(131), and several other examples of this combmation have been reported, some 
with autopsy findings (15, 26, 132, 133, 134) In two of these cases the etiology 
of the Addison’s disease was tuberculosis, m the remammg cases it was i o- 
pathic atrophy Changes m the thyroid gland indicative of hyperactivity ave 
also been noted in cases m which there was no chnical evidence of hypert y 
roidism, , 

c Central role of the pituitary Thus hypothyroidism and h^ert^ yroi sm 
vrth correspondmg histologic changes have been descnbed m Ad son s isease 
These two types of disturbed thyroid function may represent phases o ^oi 
mvolvement secondary to pituitary gland mvolvement due to the a enoco ica 
destruction Marine was able to produce changes m the thyroid g an s o ani- 
mals similar to those seen in hyperthyroidism by sublethal injury to the a eim s 
(118). The frequent involvement of the pitmtary gland m Addison’s disease has 
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already been discussed, and the influence of this gland on the thyroid is well 
known However, Laqueur and Bernstein (134) have recently emphasized the 
possibility of the thjTOid gland involvement contnbutmg to the changes in 
the hypophysis 

3 Gonads Loss of libido, impotence, amenorrhea, and sterility are frequently 
present m Addisonian patients These symptoms can be explained by the atrophic 
changes which occur m the gonads m some cases In the present series atrophy of 
the gonads was encountered in two cases The adrenocortical steroids and the 
sex hormones are related biologically However, the changes in the sex glands 
may be secondary to pituitary involvement so frequently encountered in Ad- 
dison’s disease 

There is loss of hair m some cases, especially in the axillary and pubic regions 
Attention has been called to this finding by several authors, and recently Keppler 
et al (135) have stressed its value as a diagnostic sign Loss of body hair was 
observed m a fairly large percentage of the patients in the present senes A 
markedly retarded growdh of beard hair, a female escutcheon and absence of 
axillary hair are noted m a twenty-nine year old man who has been under ob- 
servation for ten years The testes and genitalia are normal m size but the 
patient has gradually become impotent 

Testosterone proprionato injections of 10 to 20 mgm daily, m addition to 
DCA and sodium, were given to this patient and to another Addisonian patient 
with multiglandular mvolvement who also oomplamed of impotence The male 
sex hormone failed to mfluence this symptom, or to produce any significant 
increase m well-being over that obtamed with DCA and salt Favorable effects 
on weight, strength and general well-bemg have been observed with the use of 
larger amounts of androgen m Addison’s disease by several observers (13G) 

4 Pdnereas Addison’s disease and diabetes melhtus combined 

a Incidence Two of the patients (22, 155) in the present senes were found 
to have diabetes melhtus in addition to Addison’s disease The antagonistic 
nature of the carbohydrate active cortical hormones and insulin, and the ameh- 
oratmg effect of adrenalectomy on pancreatic diabetes, make it seem unlikely 
that these two diseases should occur m the same patient The combmation is 
indeed of rare occurrence, not more than twenty-four such cases are found in 
the hterature (22, 23, 137-15G) 

b Chmeal mamfestaiions The clinical manifestations of patients who have 
both diseases may be indistmguishable from the usual symptoms of Addison’s 
disease The diagnosis of diabetes in such cases is made by laboratory findings 
In other instances an acetone odor to the breath or the presence of polydipsia, 
polyuria and pruntus were noted The antagonistic effects of these two diseases 
on the carbohydrate metabolism may operate to the patient’s advantage, pro- 
vided the electrolyte and water metabohsm is mamtamed Thom and Clinton 
(149) observed a marked improvement in the personality of an Addisonian 
patient after diabetes developed and when hyperglycemia was permitted to 
persist for a longer penod of tune Bowen et al (148), observed a drop m blood 
sugar and disappearance of glycosuria m a patient with diabetes mellitus who 
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2 Thyroid gland. Atrophy of the thyroid gland occurs in Addison’s disease. 
The incidence of thyroid changes is so high in association with cytotoxic adreno- 
cortical atrophy that the existence of a bi-glandular disease, thyro-suprarenal 
disease (M B Schmidt), has been suggested (129). However, similar changes 
in the thyroid occur m Addison’s disease of tuberculous etiology, and m prac- 
tically all cases of adrenocortical destruction in which the thyroid is involved 
other endocrine glands are also affected In the present series the thyroid gland 
showed significant changes m twelve of sixteen cases Marked replacement of 
the parenchyma by extensive lymphocytic proliferation occurred in seven 
cases, m tliree of which conspicuous fibrosis was also present The lymphocytic 
proliferation replaced a considerable amount of glandular parenchyma producmg 
a virtual atrophy 

The thyroid atrophy may be so extensive m some cases of Addison’s disease 
that symptoms of hypothyroidism should have resulted. Mild symptoms may 
easily be masked by those of adienocortical origm However, classical myxedema 
has been encountered by Rowntree and Snell (23) A somewhat similar case is 
described by Marsh (130), and Brenner (26) mentions symptoms of myxedema 
in several patients 

a. Hypothyroidism Several patients in the present series had symptoms of 
hypothyroidism One patient had classical myxedema which became manifest 
dunng treatment for Addison’s disease The basal metabolic rate dropped to 
mmus 30 per cent and the blood cholesterol content rose to 450 mgm per cent 
Improvement was noted when small amounts of thyroid extract were added to 
the cortical hormone and salt therapy. In a second case m which the basal meta- 
bolic rate gradually decreased withm a six year penod from minus 10 to minus 30 
per cent clinical manifestations of hypothyroidism were present, but thyroid 
extract although well tolerated was without significant effect A third patient 
presenting definite climcal manifestations of hypothyroidism had enlargement 
of the thyroid gland as seen in diffuse colloid goiter. 

b Hyperthyroidism The climcal symptoms of Gaves’ disease and correspond- 
ing histo-pathologic changes in the thyroid gland have also been encountered 
in Addison’s disease A recent climcal report of Thom et al deals with such a case 
(131), and several other examples of this combination have been reported, some 
with autopsy findings (16, 26, 132, 133, 134) In two of these cases the etiology 
of the Addison’s disease was tuberculosis, m the remaining cases it was i o- 
pathic atrophy. Changes m the thyroid gland mdicative of hyperactivity ave 
also been noted in cases in which there was no clinical evidence of yper y 

roidism. , 

c. Central role of the pituitary Thus hypothyroidism and hypeit^yioi ism 
with correspondmg histologic changes have been described m Addisons sease 
These two types of disturbed thyroid function may represent phases o yroi 
mvolvement secondary to pituitary gland involvement due to the adrenocoi ica 
destruction Marine was able to produce changes m the thyroid g an s o am 
mals similar to those seen in hyperthyroidism by sublethal injury to the a rena s 
(118) The frequent involvement of the pituitary gland m Addison s disease as 
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already been discussed, and tbe influence of this gland on the th 3 T 0 id is well 
known Hou ever, Laqueur and Bernstein (134) have recently emphasized the 
possibil’ty of the thyroid gland involvement contributing to the changes in 
the hypophysis 

3 Gonads Loss of libido, impotence, amenorrhea, and stenhty are frequently 
present in Addisonian patients These symptoms can be explamed by the atrophic 
changes which occur in the gonads in some cases In the present senes atrophy of 
the gonads was encountered in two cases The adrenocortical steroids and the 
sex hormones are related biologically However, the changes in the sex glands 
may be secondary to pituitary involvement so frequently encountered in Ad- 
dison’s disease 

There is loss of hair in some cases, especially in the axillary and pubic regions 
Attention has been called to this finding by several authors, and recently Keppler 
et al (135) have stressed its value as a diagnostic sign Loss of body hair was 
observed m a fairly large percentage of the patients in the present series A 
markedly retarded growth of beard hair, a female escutcheon and absence of 
axdlary hair are noted in a twenty-nine year old man who has been under ob- 
servation for ten years The testes and gemtalia are normal m size but the 
patient has gradually become impotent 

Testosterone proprionate injections of 10 to 20 mgm daily, m addition to 
DCA and sodium, were given to this patient and to another Addisoman patient 
with multiglandular mvolvement who also complamed of impotence The male 
sex hormone failed to mfluence this symptom, or to produce any significant 
increase m well-bemg over that obtained with DCA and salt Favorable eSeots 
on weight, strength and general well-bemg have been observed with the use of 
larger amounts of androgen m Addison’s disease by several observers (136) 

4 Pancreas Addison’s disease and diabetes melhtus combmed 

a Incidence Two of the patients (22, 155) in the present senes were found 
to have diabetes melhtus in addition to Addison’s disease The antagonistic 
nature of the carbohydrate active cortical hormones and msulin, and the ameh- 
oratmg effect of adrenalectomy on pancreatic diabetes, make it seem unhkely 
that these two diseases should occur m the same patient The combmation is 
indeed of rare occurrence, not more than twenty-four such cases are found m 
the literature (22, 23, 137-156) 

b Clinical mamfestalions The clmical manifestations of patients who have 
both diseases may be mdistmguishable from the usual symptoms of Addison’s 
disease The diagnosis of diabetes m such cases is made by laboratory findings 
In other instances an acetone odor to the breath or the presence of polydipsia 
polyuna and pruntus were noted The antagonistic effects of these two diseases 
on the carbohydrate metabolism may operate to the patient’s advantage, pro- 
vided the electrolyte and water metabolism is mamtamed Thom and Clinton 
(149) observed a marked improvement m the personality of an Addisonian 
patient after diabetes developed and when hyperglycemia was permitted to 
persist for a longer period of time Bowen et al (148), observed a drop m blood 
sugar and disappearance of glycosuria m a patient with diabetes mellitus who 
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2 Thyroid gland Atrophy of the thyroid gland occurs in Addison’s disease. 
The mcidence of thyroid changes is so high in association with cytotoxic adreno- 
cortical atrophy that the existence of a bi-glandular disease, thyro-suprarenal 
^sease (M B Schmidt), has been suggested (129) However, sunilar changes 
in the thyroid occur in Addison’s disease of tuberculous etiology, and in prac- 
tically all cases of adrenocortical destruction in which the thyroid is involved 
other endocrine glands are also affected In the present series the thyroid gland 
showed sigmficant changes in twelve of sixteen cases Marked replacement of 
the parenchyma by extensive lymphocytic proliferation occurred m seven 
cases, m three of which conspicuous fibrosis was also present The l 3 mphocytic 
proliferation replaced a considerable amount of glandular parenchyma producmg 
a virtual atrophy 

The thyroid atrophy may be so extensive m some cases of Addison’s disease 
that symptoms of h 3 ^oth 3 u:oidism should have resulted. Mild symptoms may 
easily be masked by those of adrenocortical origm. However, classical myvedema 
has been encountered by Rowntree and Snell (23) A somewhat similar case is 
described by Marsh (130), and Brenner (26) mentions symptoms of myxedema 
m several patients. 

a Hypothyroidism. Several patients m the present series had symptoms of 
hypothyroidism One patient had classical myxedema which became manifest 
durmg treatment for Addison’s disease. The basal metabohc rate dropped to 
minus 30 per cent and the blood cholesterol content rose to 450 mgm. per cent. 
Improvement was noted when small amounts of thyroid extract were added to 
the cortical hormone and salt therapy. In a second case m which the basal meta- 
bolic rate gradually decreased withm a six year penod from minus 10 to minus 30 
per cent clmical manifestations of hypothyroidism were present, but thyroid 
extract although weU tolerated was without significant effect A third patient 
presenting defimte clmical manifestations of hypothjwoidism had enlargement 
of the thyroid gland as seen in diffuse colloid goiter. 

b Hyperthyroidism The clinical symptoms of Gaves’ disease and correspond- 
mg histo-pathologic changes m the thyroid gland have also been encountered 
m Addison’s disease A recent chmcal report of Thom et al deals with such a case 
(131), and several other examples of this combmation have been reported, some 
with autopsy findmgs (15, 26, 132, 133, 134) In two of these cases the etiology 
of the Addison’s disease was tuberculosis, m the remaining cases it was i o- 
pathic atrophy Changes m the thyroid gland indicative of hyperactivity ave 
also been noted in cases in which there was no chmcal evidence of hypert y- 
roidism. , 

c Central role of the pituitary Thus hypothyroidism and hyperthyroi ism 
with correspondmg histologic changes have been descnbed m Addison s isease 
These two types of disturbed thyroid function may represent phases o ^oi 
mvolvement secondary to pituitary gland involvement due to the adrenoco ica 
destmction Marme was able to produce changes m the thyroid glan o ani- 
mals similar to those seen in hyperthyroidism by sublethal injury to the a s 
(118) The frequent involvement of the pituitary gland in Addison s disease as 
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already been discussed, and the influence of this gland on the thyroid is well 
known However, Laqueur and Bernstein (134) have recently emphasized the 
possibility of the thyroid gland involvement contrihutmg to the changes in 
the hypophysis 

3 Gonads Loss of libido, impotence, amenorrhea, and sterility are frequently 
present in Addisonian patients These symptoms can be explained by the atrophic 
changes which occur in the gonads in some cases In the present senes atrophy of 
the gonads was encountered in two cases The adrenocortical steroids and the 
sex hormones are related biologically However, the changes m the sex glands 
may be secondary to pituitary involvement so frequently encountered in Ad- 
dison’s disease 

There is loss of hair in some cases, especially m the axillary and pubic regions 
Attention has been called to this finding by several authors, and recently Keppler 
et al (135) have stressed its value as a diagnostic sign Loss of body hair was 
observed m a fairly large percentage of the patients in the present series A 
markedly retarded growth of beard hair, a female escutcheon and absence of 
axillary hair are noted in a twenty-nine year old man who has been under ob- 
servation for ten years The testes and genitalia are normal m size but the 
patient has gradually become impotent 
Testosterone proprionate injections of 10 to 20 mgm daily, m addition to 
DCA and sodium, were given to this patient and to another Addisonian patient 
with multiglandular mvolvement who also complained of impotence The male 
sex hormone failed to influence this symptom, or to produce any significant 
increase m well-bemg over that obtained with DCA and salt Favorable effects 
on weight, strength and general well-bemg have been observed with the use of 
larger amounts of androgen in Addison’s disease by several observers (136) 

4 Pdnereas Addison’s disease and diabetes melhtus combmed 
a Incidence Tivo of the patients (22, 155) in the present series were found 
to have diabetes melhtus m addition to Addison’s disease The antagonistic 
nature of the carbohydrate active cortical hormones and msuhn, and the ameh- 
oratmg effect of adrenalectomy on pancreatic diabetes, make it seem unhkely 
that these two diseases should occur m the same patient The combination is 
indeed of rare occurrence, not more than twenty-four such cases are found in 
the hterature (22, 23, 137-156) 

b Chmcal mamfestalians The clinical manifestations of patients who have 
both diseases may be mdistinguishable from the usual symptoms of Addison’s 
disease The diagnosis of diabetes in such cases is made by laboratory findings 
In other instances an acetone odor to the breath or the presence of polydipsia 
polyuna and pruritus were noted The antagonistic effects of these two diseases 
on the carbohydrate metabolism may operate to the patient’s advantage, pro- 
vided the electrolyte and water metabolism is mamtamed Thom and Clmton 
(149) observed a marked improvement m the personality of an Addisonian 
patient after diabetes developed and when hyperglycemia was permitted to 
persist for a longer penod of tune Bowen et al (148), observed a drop in blood 
sugar and disappearance of glycosuria m a patient wnth diabetes melhtus who 
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2. Thyroid gland Atrophy of the thyroid gland occurs in Addison’s disease 
The incidence of thyroid changes is so high in association with cytotoxic adreno- 
cortical atrophy that the existence of a bi-glandular disease, thyro-suprarenal 
disease (M B Schmidt), has been suggested (129) However, similar changes 
m the thyroid occur m Addison’s disease of tuberculous etiology, and in prac- 
tically all cases of adrenocortical destruction in which the thyroid is mvolved 
other endocrine glands are also affected In the present series the thyroid gland 
showed significant changes m twelve of sixteen cases Marked replacement of 
the parenchyma by extensive lymphocytic proliferation occurred m seven 
cases, m three of which conspicuous fibrosis was also present The lymphocytic 
proliferation replaced a considerable amount of glandular parenchyma producing 
a virtual atroph}’’ 

The thyroid atrophy may be so extensive in some cases of Addison’s disease 
that symptoms of hypothyroidism should have resulted Mild symptoms may 
easily be masked by those of adrenocortical origm However, classical myxedema 
has been encountered by Rowntree and Snell (23) A somewhat similar case is 
described by Marsh (130), and Brenner (26) mentions symptoms of m 3 ocedema 
m several patients 

a Hypothyroidism. Several patients m the present senes had symptoms of 
hypothyroidism One patient had classical myxedema which became manifest 
during treatment for Addison’s disease The basal metabolic rate dropped to 
mmus 30 per cent and the blood cholesterol content rose to 450 mgm. per cent 
Improvement was noted when small amounts of thyroid extract were added to 
the cortical hormone and salt therapy In a second case in which the basal meta- 
bohc rate gradually decreased withm a six year penod from mmus 10 to minus 30 
per cent chmcal manifestations of hjrpothyroidism were present, but thyroid 
extract although well tolerated was without significant effect A third patient 
presenting definite chmcal manifestations of hypothyroidism had enlargement 
of the thyroid gland as seen in diffuse colloid goiter 

b Hyperthyroidism The chmcal symptoms of Gaves’ disease and correspond- 
mg histo-pathologic changes in the thjoroid gland have also been encountered 
in Addison’s disease A recent chmcal report of Thom et al deals with such a case 
(131), and several other examples of this combmation have been reported, some 
with autopsy findmgs (15, 26, 132, 133, 134). In two of these cases the etiology 
of the Addison’s disease was tuberculosis, m the remammg cases it was i o- 
pathic atrophy Changes m the thyroid gland mdicative of hyperactmty 
also been noted m cases in which there was no chmcal evidence of IT® y 
roidism. , , 

c Central role of the pituitary Thus hypothyroidism and h^ert^yroi sm 
with correspondmg histologic changes have been descnbed m Addison s 
These two types of disturbed thyroid function may represent phases o t yroi 
mvolvement secondary to pitmtary gland involvement due to the adrenocoi ica 
destmction Marine was able to produce changes m the th 3 TOid glan o am 
mals similar to those seen m hj'perthyroidism by sublethal mjury to t e a eim s 
(118) The frequent mvolvement of the pitmtary gland m Addison s disease as 
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alieady been discussed, and the influence of tbis gland on the thyroid is well 
knoivn However, Laqueur and Bernstein (134) have recently emphasized the 
possibility of the thyroid gland involvement contnbuting to the changes m 
the hypophysis 

3 Gonads Loss of libido, impotence, amenorrhea, and stenlity are frequentlj 
present in Addisonian patients These symptoms can be explained by the atrophic 
changes which occur m the gonads in some cases In the present senes atrophy of 
the gonads was encountered in two cases The adrenocortical steroids and the 
sex hormones are related biologically However, the changes in the sex glands 
may be secondary to pituitary involvement so frequently encountered in Ad- 
dison's disease 

There is loss of hair in some cases, especially in the axillary and pubic regions 
Attention has been called to this finding by several authors, and recently Keppler 
et al (135) have stressed its value as a diagnostic sign Loss of body hair was 
observed in a fairly large percentage of the patients m the present senes A 
markedly retarded growth of beard hair, a female escutcheon and absence of 
axillary hair are noted m a twenty-nmo year old man who has been under ob- 
servation for ten years The testes and genitaha are normal m size but the 
patient has gradually become impotent 
Testosterone proprionate injections of 10 to 20 mgm daily, m addition to 
DCA and sodium, were given to this patient and to another Addisonian patient 
with multiglandular involvement who also complained of impotence The male 
sex hormone failed to influence this ^mptom, or to produce any significant 
morcase in well-bemg over that obtained with DCA and salt Favorable effects 
on weight, strength and general well-bemg have been observed with the use of 
larger amounts of androgen in Addison’s disease by several observers (136) 

4 Pdncrcas Addison's disease and diabetes mellitus combmed 
a Incidence Two of the patients (22, 155) in the present senes were found 
to have diabetes mellitus in addition to Addison’s disease The antagonistic 
nature of the carbohydrate active cortical hormones and insuhn, and the ameli- 
oratmg effect of adrenalectomy on pancreatic diabetes, make it seem unhkely 
that these two diseases should occur m the same patient The combmation is 
indeed of rare occurrence, not more than twenty-four such cases are found in 
the literature (22, 23, 137-156) 

b Chnical manifestalions The clinical manifestations of patients who have 
both diseases may be mdistmguishable from the usual symptoms of Addison’s 
disease The diagnosis of diabetes m such oases is made by laboratory findings 
In other instances an acetone odor to the breath or the presence of polydipsia 
polyuna and pruritus were noted The antagonistic effects of these two diseases 
on the carbohydrate metabolism may operate to the patient’s advantage, pro- 
vided the electrolyte and water metabolism is maintamed Thom and Glmton 
(149) observed a marked unprovement m the personality of an Addisonian 
patient after diabetes developed and when hyperglycemia was permitted to 
persist for a longer period of time Bowen et al (148), observed a drop m blood 
sugar and disappearance of glycosuria m a patient with diabetes melhtus who 
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2 Thyroid gland Atrophy of the thyroid gland occurs in Addison’s disease 
The incidence of thyroid changes is so high m association with cytotoxic adreno- 
cortical atrophy that the existence of a bi-glandular disease, thyro-suprarenal 
disease (M B Schmidt), has been suggested (129). However, sunilar changes 
in the thyroid occur in Addison’s disease of tuberculous etiology, and in prac- 
tically all cases of adrenocortical destruction in which the thyroid is involved 
other endocrine glands are also affected In the present series the thyroid gland 
showed significant changes in twelve of sixteen cases. Marked replacement of 
the parenchyma by extensive lymphocytic proliferation occurred m seven 
cases, m three of which conspicuous fibrosis was also present The lymphocytic 
proliferation replaced a considerable amount of glandular parenchyma producmg 
a virtual atrophy 

The thyroid atrophy may be so extensive m some cases of Addison’s disease 
that symptoms of hypothyroidism should have resulted Mild symptoms may 
easily be masked by those of adrenocortical origm However, classical myxedema 
has been encountered by Rowntree and Snell (23) A somewhat similar case is 
described by Marsh (130), and Brenner (26) mentions symptoms of myxedema 
m several patients 

a Hypothyroidism Several patients m the present series had symptoms of 
hypoth 3 T’oidism One patient had classical myxedema which became manifest 
durmg treatment for Addison’s disease. The basal metabohc rate dropped to 
mmus 30 per cent and the blood cholesterol content rose to 450 mgm. per cent 
Improvement was noted when small amounts of thyroid extract were added to 
the cortical hormone and salt therapy. In a second case m which the basal meta- 
bohc rate gradually decreased withm a six year period from minus 10 to minus 30 
per cent clinical manifestations of hypothyroidism were present, but thyroid 
extract although well tolerated was without significant effect A third patient 
presenting defimte clinical manifestations of hypothyroidism had enlargement 
of the thyroid gland as seen m diffuse colloid goiter 

b Hyperthyroidism The clinical symptoms of Gaves’ disease and correspond- 
mg histo-pathologic changes in the thyroid gland have also been encountered 
m Addison’s disease A recent clinical report of Thom et al. deals with such a case 
(131), and several other examples of this combination have been reported, some 
with autopsy findings (15, 26, 132, 133, 134) In two of these cases the etiology 
of the Addison’s disease was tuberculosis, m the remaining cases it was i lo- 
pathic atrophy Changes in the thyroid gland mdicative of hyperactivity ave 
also been noted in cases in which there was no chnical evidence of hypert y- 
loidism. , 

c Central role of the pituitary Thus hypothyroidism and hjpert^yroi ism 
vuth correspondmg histologic changes have been described m Addison s 
These two types of disturbed thyroid function may represent phases of t yroi 
mvolvement secondary to pituitary gland involvement due to the adrenocortica 
destruction Marine was able to produce changes m the thyroid glan s o ani- 
mals similar to those seen m hyperthyroidism by sublethal mjury to the a reim s 
(118) The frequent involvement of the pituitary gland m Addison’s disease as 
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already been discussed, and the influenee of this gland on the thyroid is ivell 
loiown However, Laqueur and Bernstein (134) liave recently emphasized the 
possibiUy of the thyroid gland involvement contnbutmg to the changes in 
the hypophysis 

3 Gonads Loss of libido, impotence, amenorrhea, and sterility are frequently 
present in Addisonian patients These symptoms can be evTplained by the atrophic 
changes which occur in the gonads in some cases In the present series atrophy of 
the gonads was encountered in two cases The adrenocortical steroids and the 
sex hormones are related biologically However, the changes in the sex glands 
may be secondary to pituitary involvement so frequently encountered m Ad- 
dison’s disease 

There is loss of hair in some cases, especially m the axillary and pubic regions 
Attention has been called to this finding by several authors, and recently Keppler 
et al (135) have stressed its value as a diagnostic sign Loss of body hair w as 
observed m a fairly large percentage of the patients m the present senes A 
markedly retarded growth of beard hair, a female escutcheon and absence of 
axillary hair are noted in a twenty-nine year old man who has been under ob- 
servation for ten years The testes and genitaha are normal m size but the 
patient has gradually become impotent 

Testosterone propnonate injections of 10 to 20 mgm daily, m addition to 
DCA and sodium, were given to this patient and to another Addisoman patient 
with multiglandular involvement who also complained of impotence The male 
sex hormone failed to influence this symptom, or to produce any significant 
increase m well-bemg over that obtamed with DCA and salt Favorable effects 
on weight, strength and general well-bemg have been observed with the use of 
larger amounts of androgen in Addison’s disease by several observers (136) 

4 Pdnereas Addison’s disease and diabetes melhtus combmed 

a Incidence Two of the patients (22, 155) in the present senes were found 
to have diabetes mellitus in addition to Addison's isease The antagonistic 
nature of the carbohydrate active cortical hormones and insuhn, and the ameh- 
oratmg effect of adrenalectomy on pancreatic diabetes, make it seem unlikely 
that these two diseases should occur m the same patient The combination is 
indeed of rare occurrence, not more than twenty-four such cases are found in 
the hterature (22, 23, 137-156) 

b Cltntcal mamfestaiions The clinical manifestations of patients who have 
both diseases may be indistinguishable from the usual symptoms of Addison’s 
disease The diagnosis of diabetes in such cases is made by laboratoiy findings 
In other instances an acetone odor to the breath or the presence of polydipsia, 
polyuria and pruritus were noted The antagonistic effects of these two diseases 
on the carbohydrate metabolism may operate to the patient’s advantage, pro- 
vided the electrolyte and water metabolism is mamtamed Thom and Clinton 
(149) observed a marked improvement in the personahty of an Addisonian 
patient after diabetes developed and when hyperglycemia was permitted to 
persist for a longer penod of time Bowen et al (148), observed a drop m blood 
sugar and disappearance of glycosuria m a patient with diabetes mellitus who 
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developed Addison’s disease The administration of desoxycorticosterone ha 
no effect on the lowered blood sugar, but following the use of cortical extrac 
the hyperglycemia recurred Similar observations were made by Bloomfield (144; 

c Insulin sensitivity Sensitivity to msulin appears to be as common i 
Addison’s disease combined with diabetes mellitus as m the former alone Th 
presence of hyperglycemia does not correct this sensitivity. Rogoff (143) dif 
cusses a case of Addison’s disease which developed m a patient with diabete 
meUitus followmg bilateral adrenal denervation carried out by a suigeon as 
“harmless” procedure m an attempt to benefit the diabetes This apparent! 
resulted in occlusion of blood vessels and degeneration of the adrenal cortej 
The fastmg blood sugar values became lower, the patient developed sensitmt; 
to insuhn and died m hypoglycemia. 

d Relationship of the diabetes to the Addison’s disease The diabetes is reporter 
to have appeared after the Addison’s disease® in only four cases (146, 147, 14S 
149), but the insidious onset charactenstic of both diseases makes it difficul 
to determine the actual sequence In contrast to the inconstant presence o 
macroscopic and microscopic changes in the pancreas in uncomplicated diabetei 
melhtus (157), marked changes in the pancreas have been reported in the casei 
mentioned Atrophy of the pancreas was present in eight of the ten cases in whicl 
that organ was examined histologically Evidence of pancreatic atrophy is 
recorded in at least seven cases of Addison’s disease in which diabetes was nol 
noted clinically (125, 126, 127). Five were of tuberculous etiology, the weighi 
of the pancreas in two of these cases was 35 2 and 25 grams respectively 

It is of interest that m twelve of the fourteen autopsied cases of combmec 
Addison’s disease and diabetes melhtus, idiopathic atrophy of the adrenal glands 
was found, m only two cases was the cortex destroyed by tuberculosis This m 
cidence represents an inversion of the ratio of these etiologic factors as causes o: 
Addison’s disease Atrophic changes in the pituitary thyroid and gonads alsc 
occur more frequently m association with idiopathic adrenal atrophy than witl 
cortical destruction due to tuberculosis The possibility that the pancreatic 
involvement is related to pituitary dysfunction is suggested by the occurrence 
of pancreatic atrophy in Simmond’s disease (124). The frequency of thyroid 
changes and the fact that a thyroid-pancreatic relationship appears to exist 
(158) suggest that alterations m the thyroid gland may contribute to the pan- 
creatic changes On the other hand, Levy-Simpson has imphed that the atrophic 
process in the adrenals and the pancreas may be caused by the same factor or 
toxm (141) 

5. Thymus gland and lymph nodes. Addison directed attention to an enlarge- 
ment of the lymph glands in one of his cases Star in 1895 noted enlargement of 
the thymus (159), and later other authors (160, 161, 126) commented on the 
occurrence of generahzed lymphatic hyperplasia Hyperplasia of the thymus 
gland and of the lymphatic tissue throughout the body was observed frequently 

* The first symptoms m one of the patients in this senes ■were those of cortical insuf- 
ficiency, but both conditions ■were found at the first examination 
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m the present senes The similanty of tins hyperplasia with the so-called status 
thymico-lymphaticus has been stressed (IG2, 103) and it has been suggested 
that sudden death in Addison’s disease may be explained m this way Jaffc was 
able to produce hyperplasia of the tlijunus by adrenalectomizuig immature rats 
and thymus gland regeneration by subjecting mature rats to the same opera- 
tion (120, 121) Several authors including Ilammar (164) doubted that genuine 
thjonus hyperplasia occurs m Addison’s disease However, the frequent occur- 
rence of lymphatic tissue hj'perplasia in Addison’s disease is now considered 
significant The more recent work of Moon (165), Selye (166), Ingle (167), Wells 
and Kendall (168), and of White and Dougherty (169) establishes the existence 
of an adrenocortical-lymphatic tissue relationship which is under the influence 
of the pituitary adrenocorticotrophic hormone The alterations m the lymphatic 
organs in Addison’s disease may contribute to the clinical picture 

6 Parathyroids Hypercalcemia occurs inconstantly m adrenalectotnized 
animals and m Addisonian patients There is no direct evidence that the para- 
thyroid and adrenal glands are interrelated 

7 Panhypocorltcaltsm Addison’s disease with multiglandular insufficiency 

Several patients m the present senes showed the clinical picture of multi- 

glandular insuffioienoy and sinking confirmation of this was found at autopsy 
These patients all had the classical manifestations of Addison’s disease However, 
they were less robust and less energetic, and despite therapy their asthenia 
and anorexia persisted with continuous loss of flesh Moreover, hypoglycemia, 
lowenng of the basal metabolic rate, loss of libido, amenorrhea, impotence, 
stenhty and loss of body hair was more frequent and severe in these patients 
A secondary anenua which responded poorly to iron therapy was observed fre- 
quently in association with hypoprotememia These patients also exhibited a 
marked tendency to edema while receiving DCA and salt The latter measures 
were not always effective in mamtainmg life without the addition of cortical 
extract, and restoration to useful activity was not accomplished m these patients 
despite all measures 

Multiglandular insufficiency occurs much more frequently m cytotoxic atrophy 
than m tuberculous destruction of the adrenal cortex The longer the duration of 
the Addison’s disease, the more distmct the multiglandular sjTnptoms Extreme 
degrees of adrenocortical destruction were encountered at autopsy Thus, pan- 
hypocorticahsm is not a chmeal state apart from Addison’s disease but an 
advanced stage in its development 

The occurrence m Addison’s disease of a multiglandular syndrome points to 
the need of more complete replacement therapy in those patients who do not do 
well with the usual treatment In addition to cortical extract, the judicious use 
of other glandular preparations may be indicated The fact that panhypocor- 
ticahsm occurs makes it necessary to consider the possibility in evaluatmg the 
metabolic data m Addisoman patients It also emphasizes the caution which 
must be employed in companng studies on short-lived adrenalectomized animals 
with those m patients suffenng from Addison’s disease 
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I. Neuropsychtatnc and neurologic symptoms 

1, Observations of early students of Addison’s disease Addison pointed out that 
it was not uncommon for the patient “to manifest indications of disturbed 
cerebral circulation/’ and emphasized that the patient was indisposed “to either 
bodily or mental exertion ” The occurrence of deliiium and convulsions was 
noted as a terminal manifestation in one of his cases, m another, numbness of 
the fingers was recorded Samuel Wilks, who participated ivith Addison in the 
origmal work (170), m reporting on a series of twenty-five cases in 1862, called 
attention to “Special Nervous Symptoms” (171) Averbeck (172) in a mono- 
graph on Addison’s disease written in 1869 spoke of poverty of mental energy, 
a diminution of the intellect, loss of memory, of apathy and depression, and 
called attention to the occurrence of headache, insomnia, transitory delirium, 
mild psychoses, convulsions and epileptiform attacks He noted that neuralgias, 
anaesthesias, and paralyses also occuned All of these he attributed to inade- 
quate nutrition Neusser (173) m 1897 m his monograph, “The Diseases of the 
Adrenal Glands,” divided the nervous symptoms into three groups. The first 
group, the “psychic sphere/’ mcluded manifestations of impairment m mtellect 
as well as those of psychotic behavior The latter consisted of irrational speech, 
religious illusions, hallucinations, paranoia and maniacal behavior Under 
“cerebral symptoms,” his second group, he hsted insomma, headache, dizziness, 
tinnitus annum, and a tendency to syncope. The third group, comprised symp- 
toms of peripheral nerve involvement including parasthesias and neuralgias. 
There was mention of a patient who presented the climcal picture of spastic 
spinal paralysis 

2 Clinical significance The onset of mental signs in an Addisoman patient, 
noted m 70 per cent of the patients in this series, is of utmost climcal significance 
It has been pointed out by Engel and Margolm (174) that changes m mood or 
behavior not infrequetly are the earhest signs of impendmg collapse In the 
present series, mental changes occurred m almost all patients prior to the onset of 
crisis The appearance of cerebral symptoms during treatment of adrenal insuf- 
ficiency IS also of major importance A companson may be made to the develop- 
ment of similar symptoms in hepatitis presaging an acute yellow atrophy (Than- 
hauser) (175) The appearance of confusion, disorientation or irrational behavior 
m patients undergoing treatment indicates a grave prognosis, unless the symp- 
toms are due to a readily reversible hypoglycemia. The early recognition o 
changes in the level of awareness is of great importance since treatment wit 
DCA and salt may obscure other signs 

3 Neuropsychiatnc symptoms and the delirious state. The neuropsychiatric 
symptoms of Addison’s disease are manifestations of the delirious state not unlike 
those seen in other diseases Romano and Engel (176), who have recently made 
very sigmficant contributions to the study of cerebral metabohc disturbances, 
define dehrium as “a more or less reversible psychotic episode appearmg 
tomatically durmg the course of an underlying physical or metabolic disorder 
These authors consider the basic psychologic symptom of dehrum to be a dis- 
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turbanco m the level of consciouBncss, and point out that there is also a loss of 
abihtv to think in the abstract They interpiet the total behavior of the delinous 
patient as duo to a release from higher eerebral function The abnormalities m 
emotional behavior are viewed as duo to a release of inhibiting or repressing 
factors which permit the evpression of repressed emotions within the framework 
of the specific personality structure of the individual The neurologic basis of 
the peculiar purposeless movements commonly seen in delirium is found m a 
release from cortical control and a return of motor behavior to a lower order of 
mtegration 

4 Mild neuropsychtalric symptoms Romano and Engel point out that lesser 
and more subtle manifestations of delirium occur much more frequently than 
marked changes An analysis of the neuropsychiatnc symptoms observed in the 
patients in the present senes hears this out Mild disturbances in the level of 
consciousness occurred most frequently These consisted of dulling of the in- 
tellect, apathy, somnolence and also of insomnia and troublesome dreams Next 
in frequency were mild degrees of confusion and disorientation The significance 
of these changes is shown in the following observations One patient under 
treatment for mild crisis due to an infection was reported by the nurse to be 
“talking peculiarly ” She W'as found to be mildly confused and disoriented, but 
showed no other manifestations of cortical insufficiency Blood drawn at this 
time revealed normal values for sodium, chloride and sugar Shortly afterward 
the patient's temperature rose to 104” and she died several hours later despite 
intensive therapy In a few mstances there weie recurrent disturbances m emo- 
tional behavior which reflected the specific personality structure of the patient 
The family of one patient learned to recogmze that whenever he became sullen, 
withdrawn and taciturn he was on the verge of crisis Another patient who re- 
ceived daily mjections of cortical extract became cross, surly and sometimes 
abusive if the extract was omitted for several days or if cortical insufficiency 
developed due to other reasons However, over 70 per cent of the patients m the 
present senes were placid and good natured often even during episodes of cortical 
insufficiency 

5 Marked neuropsychiatnc symptoms, psychoses There were also more marked 
symptoms such as stupor, coma, increased motor activity including convulsive 
seizures, and various types of severe psychotic behavior Among the latter were 
transitory psychoses observed frequently os subterminal occurrences Three 
patients had clearly defined schizophrenic psychoses of longer duration, but 
none were violent In two patients, the psychosis appeared after a febnle illness 
but at a time when the patients were m electrolyte balance All were treated w ith 
DCA and salt supplemented with injections of cortical extract and Vitamin B 
Improvement occurred m two of the patients after several weeks The third 
patient improved for a short while but death ensued despite intensive therapy 
In this patient chronic hypoglycemia was present for several years before the 
psychosis developed 

6 Neurologic symptoms, spinal cord involvement An increase in muscle tone 
IS often present in adrenocortical insufficiency This is sometimes associated 
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With muscular rigidity and pyramidal tract signs Symptoms of peripheral 
nerve involvement including paresthesias, neuralgias and paralyses are en- 
countered less frequently One of the patients observed at the Hospital m 1925 
had unequivocal evidence of Addison’s disease associated ivith degenerative 
disease of the spinal cord allied to funicular myelitis, bilateral Babinsla and 
Oppenheim signs were present A second patient, a twenty-nine year old male, 
who has been under observation for ten years, has spmal cord disease manifested 
by a spastic broad-based gait and pyramidal tract signs in the lower extremities 
Three similar cases have been reported by Neusser and Wiesel (173), and Snell 
and Rowntree (178) However, a definite relationship of the spmal cord involve- 
ment to adrenal gland destruction has not been demonstrated 
7 Basis a Hypoglycemia Hypoglycemia occurs frequently in Addison’s 
disease It is probable that many of the neuropsychiatric S 3 rmptoms noted above 
are due to hypoglycemia or to the underlying disturbance m carbohydrate 
metabolism Hypoglycemia may be manifested by general symptoms of central 
nervous system origin such as headache and fatigue, and by bulbopontme dis- 
turbances resulting in impaired vision and disorders of speech, corticospmal 
symptoms such as aphasia and convulsive movements, and symptoms of auto- 
nomic origin Psychotic disturbances very similar to those observed in Addison’s 
disease occur m hypoglycemia of any etiology 
b Hypotension The cerebral anoxia resulting from arterial and postural 
hypotension may also contribute to the production of cerebral symptoms 
c Cortical hormones 1 Electroencephalographic studies Engel and Margolin 
(174) studied the effects of disturbed carbohydrate metabolism on the electro- 
encephalogram in eight patients with Addison’s disease, seven of whom are in- 
cluded in the present series These authors and also Hoffman, Lewis and Thom 

(179) who examined twenty-five patients noted frequent electroencephalographic 
abnormahties in the resting pattern and an increased sensitivity to hyperventila- 
tion Both groups of investigators reported that they were able to reduce this 
sensitivity by raising the blood sugar level Engel and Margolin found that all 
of the changes were modified by factors which improved carbohydrate metabo- 
lism but Hoffman et al observed no effect on the resting pattern following 
treatment with DC A, aqueous cortical extract or intravenous infusions of g u- 
cose More recently, however, Engel and Romano noted that large quantities o 
aqueous adrenal extract alone or in conjunction wnth dextrose restore t e 
electroencephalogram to normal DCA and sodium chloride were less e ec ive 
The adimnistration of crystalline fraction of the Vitamin B complex was oun 
by them to be ineffective m correctmg the electroencephalographic abnorma i les 

(180) 

2 Clinical observations. In several of the patients in the present series cor ica 
extract was required for the complete reversal of neuropsychiatric symptoms, 
but the adimnistration of DCA, salt and dextrose sufficed to achieve this resu 
in others. The impression was obtained that improvement occurred more rapi y 
following the use of extract The improvement of cerebral symptoms folloiving 
the use of DCA may be due to the indirect effect of this hormone on carbohydrate 
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metabolism as mcU as to its action on electrolyte economy and on the blood 
pressure 

d Organic hrain disease A cerebral tuberculoma or tuberculous meningitis 
can produce neuropsycbiatnc symptoms similar to those mentioned These con- 
ditions occur rarely in Addison’s disease of tuberculous etiology 

in LABonATony wndinqs 
A Blood eleclrolyles 

The concentration of sodium and chloride ion m the blood is frequently re- 
duced and the potassium content often elevated m adrenocortical insufficiency, 
but this does not hold true for all Addisoman patients Moreover, subnormal 
blood sodium and chloride values obtain m various other conditions, includmg 
severe infections, diabetic acidosis, uremia, severe diarrhea, and protracted 
vomiting whatever the cause (181) A marked decrease m the blood chloride 
content occurs in other diseases, notably pneumonia As shown below, increased 
potassium content of the blood is encountered in conditions other than Addison’s 
disease 

1 Blood sodium and the sodium chloride deprivation test The most reliable 
laboratory finding supporting a diagnosis of Addison’s disease is a subnormal 
blood sodium value With a single exception, all thirty-seven patients mthe 
present senes who were admitted to the Hospital after 1933 had a blood sodium 
content of less than 135 milli-equivalents per liter at one time or another during 
their illness The values ranged from 114 to 130 milh-equivnlents of sodium 
per liter In eight instances this abnormality appeared only after the patient 
had been subjected to a sodium chlonde deprivation regimen for several days 
(24) This test consists of limiting the total sodium intake per twenty-four hours 
to less than one gram while cortical hormone therapy is interrupted There is 
but little danger in the use of this test if it is earned out in a hospital where the 
procedure can be interrupted as soon as signs of cortical insufficiency appear In 
patients who had had no previous treatment a significant drop in blood sodium 
appeared as early as the third day of the test Patients who had been treated, 
with supplementary salt and DCA in oil required longer periods, up to nme days 
of depnvation A decrease in the blood sodium content to a subnormal value 
indicates the presence of Addison’s disease unless other cause for loss of sodium 
IS present 

a Normal hlood sodium in cortical msuffiaency It is possible, in exceptional 
mstances, for the blood sodium to remam normal under the very conditions in 
which subnormal values almost always obtain In one of the patients m the 
present senes the blood sodium level did not drop below 136 0 milli-equivalents 
despite a nine day regimen of salt depnvation, although the clinical picture was 
typical of adrenal cortical insufficiency and there was protracted vomiting dunng 
the salt deprivation test In this case the blood chlonde, glucose and urea nitrogen 
values also remained normal Treatment wuth DCA and supplementary salt did 
not alter the clinical picture and the patient died Postmortem exammation 
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revealed tuberculous caseation of both adrenal glands A report of Loeb, Atchley 
and Parsons (182), is of interest in this connection. These authors observed four 
Addisonian patients who showed striking loss of sodium which was rectified 
by treatment with sodium chloride at the time of their first hospital admission 
Later, climcal manifestations of crisis appeared but the blood electroljde values 
remamed normal Despite the admmistration of sodium chloride and glucose 
the patients died 

2 Blood chlorides The plasma chloride concentration proved to be a less 
reliable mdicator of adienal cortical insufficiency m the present series of patients 
than did the sodium concentration Normal blood chloride values were obtained 
in three patients whose blood sodium content was definitely below normal. 
The values were 124, 114 and 128 milh-equivalents of sodium per liter, the cor- 
responding chloride concentrations were 103, 102 and 100 milli-equivalents per 
hter respectively This findmg is consistent with the observation in the experi- 
mental animal that the excretion of urinary sodium exceeds that of chlonde (183) 

3 Blood 'potassium In the present series it was found that the bloodpotassium 
determination was of less diagnostic value than the blood sodium determination 
An increased blood potassium content (over six m eq per hter), was encountered 
only in those patients in whom the sodium ion concentration was subnormal. 
In a few mstances normal blood potassium values were obtamed despite the 
presence of a blood sodium deficit Similar observations were made by Loeb, 
Atchley and Parsons (182), who concluded that a decrease in the blood sodium 
concentration usually occurs before an abnormal accumulation of potassium 
appears An mcrease m the plasma potassium also occurs in the following con- 
ditions: asphyxia, hemorrhage, various forms of shock, severe renal disease 
(181, 184) 

4 Effects of treatment Blood electrolyte determinations are of considerable 
value m regulatmg treatment Under-treatment is revealed by subnormal sodium 
values. Overdosage with DCA produces hypernatremia (blood sodium values of 
over 140 meq/1) and hypopotassemia (values of less than 3 0 meq./I). Blood 
chlonde determmations are of less value since excessive DCA may sometimes 
produce marked hypochloremia instead of hyperchloremia (185). A determmation 
of the blood sodium concentration is of help in deciding whether edema is due 
to hypernatremia or to blood protein deficiency. 

B. Blood proteins 

Reduction in the total blood protems is of infrequent occurrence is Addison s 
disease, although hypopiotememia was observed in this series in a few patients 
who presented stigmata of panhypocorticahsm The Tiselius electrophoresis 
studies recently carried out by McCullagh,'^ Lewis and Clark (186), in patients 
with adrenocortical insuflSciency revealed normal total protem values m all of 
nineteen patients with adrenocortical msufficiency studied by them However, 
the albumin percentage of the total .protein was definitely decreased in aU cases 

'' This appears to be the only study of this type earned out on Addisonian patients (187). 
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and the globulin fractions usuallj showed some increase Adequate treatment 
with DCA for long penods of time wasfollowedby some increase in the albumin 
content, but a normal protein distribution resulted only after large amounts of 
cortical extract were used for a month or longer 

C Blood glucose, urea nitrogen and other chemical constituents 

Subnormal or low normal blood glucose values were obtamed in about 80% 
of the patients in the present senes Thus the diagnosis of Addison’s disease 
should be considered when hjpogljcemia is present The hypoglycemia appeared 
to bear no relationship to the le\ el of blood eleotrolj-tes 

Significant retention of urea nitrogen is encountered usually only m seiere 
adrenal cortical deficiencj In the present senes blood urea nitrogen \alues 
higher than fifteen mgm per cent were obtained onlj in those patients who 
were m cnsis The highest urea nitrogen content encountered was fifty mgm 
per cent 

The serum calcium, sulphate, phosphate, creatimne and unc acid content 
may be mcreased in adrenocortical insufficiency 

D Hematologic examination 

The hemoglobin content and the erythrocyte count were increased in crisis 
due to hemoooncentration In the course of treatment the \alues for both were 
lowered due to lehydration These determinations provided a fawly rehable 
gauge of the degree of hemodilution attendant upon treatment which was 
frequently checked with hematoent determinations The erythrocyte sedimenta- 
tion rate was of no specific value, except m the presence of active tuberculosis 
The total leucocyte count was usually normal Except for a moderate lympho- 
cytosis m a few mstances, the differential count was normal Rogers and Craig 

(188) recently reported similar findingB De la Baize, Reifenstem and Albnght 

(189) found a definite relative neutropenia and a shght relative lymphocytosis 
m all of twenty Addisonian patients 

E Gastric analysis, urinalysis 

About fifty per cent of Addisoman patients have achlorhydria Unnalysis 
discloses a tendency toward low fixation of specific gravity in adrenocortical 
msufficiency Maximum concentration is usually not obtamed even when obvious 
dehydration is present (cf II F) 

F Biopsy of skin 

Histological examination of pigmented skm or mucous membrane rexeals the 
presence of melanm This pigment is found chiefly m the basal cells of the epi- 
dermis in the s!,jn, whereas in the mucous membrane the melamn is encountered 
more frequently and m greater abundance in the sub-epidermal connective tissue 

(190) The differentiation between melanm and other pigments is possible mth 
histoohemical methods, but the deposition of melanm as described is not pa- 
thognomomc of Addison’s disease 
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G Tests of adrenocortical function 


1 Estimation of desoxycorhcosterone activity. The salt deprivation test dis- 
cussed above (24) appears to offer the most reliable means of establishing the 
diagnosis of Addison’s disease There are two other tests which are frequently- 
employed to estimate the electrol 3 d;e and water regulating ability or desoxy- 
corticosterone actmty of the adrenal cortex. These tests described by Cutler, 
Power and Wilder (191) and Robinson, Power and Kepler (192), respectively, 
have been considered to be a less reliable indicator of adrenocortical insufficiency 
than the sodium chloride deprivation test (14) A similar impression was ob- 
tained from the limited use of these tests m the present series. The test descnbed 
by Robmson, Power and Kepler offers an advantage over the other two in that 
the patient is not exposed to the possible dangers of sodium deprivation. 

2 Glycogenic corticosteroid and 17-keto-steroid excretion. In Addisonian patients 
of either sex there is a marked reduction in urinary 17-keto-steroids and 11-oxy- 
corticosteroid-hke substances (193, 194, 195). However, a similar reduction in 
the excretion of these hormones occurs in other diseases, e g , hypothyroidism 
and panhypopituitarism (193, 194) Determmation of the excretion of the 
hormones under consideration can therefore yield only corroborative evidence or 
serve as a screemng test for Addison’s disease Its value in the latter capacity is 


enhanced by the fact that the administration of 11-desoxycorticosterone ace- 
tate does not influence the assay values of the glycogenic corticoids (195) 

3. Response to pituitary adrenocorticotropic hormone Thorn, Forsham, Prunty 
and Hills (196), have recently described a test employmg the use of pituitary 
adrenocorticotropic hormone which appears to be a measure of the adrenal re- 
serve of hormones regulating carbohydrate fat and protein metabolism This 
test IS based on the observations that patients with classic Addison’s disease 
failed to show either the marked fall m circulating eosinophihc leucocytes or 


the increase in urinary uric acid excretion which occurs m normal subjects 
following the mtramuscular mjection of adrenocorticotropic hormone (131). 
The increase in urinary uric acid excretion is expressed as a change m uric acid 
creatmme ratio “False positive” reactions occur m conditions associated with 
acute stress, or with decreased renal clearance or abnormally high production 
of uric acid The eosinophile count and the uric acid creatinine ratio may bot 
be affected m stress reactions, but in the other conditions the normal decrease 
m eosinophiles is noted Thorn, et al state that as a screening test their pr(> 
cedure supplements but does not necessarily correlate -with the tests -w c 
estimate desoxycorticosterone activity It appealed to correlate best with t e 
excretion of 11-hydroxy-steroids The injection of 30 mgm. of a water-so ub e 
desoxycorticosterone glucoside caused neither a decrease in the eosinop e 


count nor a significant mcrease in the uric acid creatinine ratio 

a Response to epinephrine. Long and hia co-workers (197) demonstrated an 
adreno-cortical response in rats following the injection of epinephrine very 
similar to that obtained in the animals after the injection of adrenocorticotropm 
The epinephrine effect depended on the presence of an intact anterior pituitary 
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lobe Recant, Porsham and Thom (198) recently noted a similar adrenocortical 
response m humans following an infusion of epinephnne This consisted of a drop 
in the eosmophile count m normals, but practically no change m circulating 
eosmophiles m patients with pituitaiy msufficiency In patients with Addison’s 
disease there was a definite but variable response which correlated approxi- 
mately with the scierity of the Addison’s disease clinically The studies sug- 
gested that it was possible to use the epinephrine response to differentiate be- 
tween primary adrenal and pituitary-adrenal insufficiency 

rV TREATMENT 
A Five phases of development 

The empirical use of iron, arsenic, strychmne, and quimne as employed by 
Addison (199) remained the pnncipal treatment for 33 years after the disease 
was described The second phase of development, marking the begmmng of 
replacement therapy m the disease, started with the use of adrenal extracts m 
1892 and the recognition m 1895 of an active pnnciple m the extracts (200-203) 
The latter was soon identified as epinephrine and was obtamed m crystalline 
form and prepared synthetically shortly thereafter (204-206) Howeaer, the 
extracts were probably ineffective and epinephrine served chiefly to retard the 
development of Addisonian therapy since it diverted attention from the cortex 
The tlurd phase of development, the preparation of potent cortical extracts m 
the late 1920’s (207-209), finally made a really effective measure available 
Improved methods of extraction resulted in extracts of increased potency in- 
cluding the recently prepared carbohydrate-active hpo cortical extract (211-213) 
derived from hogs The rationale of the electrolyte or fourth phase of therapy 
was established in 1932 (214-216) (8, 24) although sodium salts were demon- 
strated to have a beneficial effect as early as 1925 (217-219) The first practical 
maintenance measure was now provided, a synthetic hormone for similar pur- 
poses was soon to be added The preparation of potent cortical extracts led to 
the filth phase of Addisonian therapy — the isolation of a large number of crystal- 
line cortico steroids (220-222) and the synthesis of desoxycorticosterone m 
1937 (223) The subcutaneous implantation of pellets of the acetate of this 
potent hormone proved to be the most practical and convement method of ad- 
ministration although other routes were also effective (224-227) (98) Dangers 
inherent in the action of the synthetic hormone (228-230), were avoided by a 
method of implanting less than the required number of pellets, and by givmg 
small daily supplements of salt by mouth (97, 98) A small percentage of patients 
also require cortical extract for maintenance, almost all require the extract durmg 
cnsis The current therapy of Addison’s disease combines the use of DCA, sodium 
salts and cortical extract 

B Treatment of patients in the present senes 

The treatment of the fifty patients m the present senes dunng the twenty-two 
year penod from 1924 to 1946 recapitulates the therapy of Addison’s disease 
dunng all of the stages of its development 
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1. Early replacefmmt therapy The first six patients in the present series were 
admitted to the hospital between the years 1924 and 1931. At that time epi- 
nephrine injections and the oral admmistration of adrenal extracts were m use. 
However, only three patients received this form of therapy, all of whom died 
withm ten days. The fourth patient, who survived twenty days, received m- 
fusions of five per cent glucose m sahne and intravenous mjections of fifty per 
cent glucose on an empirical basis. He was also given sodium cacodylate, one 
of the empincal measures used by Addison Two patients received no specific 
treatment, the diagnosis not havmg been made ante-mortem. 

2. Cortical extracts. Two patients m the present senes admitted in 1932, were 
treated solely with adrenal cortical extracts parenterally Table III shows that 
the average period of survival was eight and a half weeks as compared with eight 
days durmg the previous phase of therapy In addition, both patients were 
brought out of crisis several times despite the fact that the extract was much 
less potent and a much smaller amount was used than is now employed Extracts 
of higher potency became available soon after this, but by that time sodium 
salts were already m use, and consequently the patients treated henceforth were 
given both types of medication 

There is no doubt of the value of adrenal cortical extracts in Addison’s disease 
These extracts are capable of rescumg the patient m crisis and of maintaining 
the patient durmg intercntical periods in moderately good health. They are 
superior to desoxycorticosterone smce they contain several active cortical fac- 
tors All cortical extracts may be expected to have some influence on mtermedi- 
ate carbohydrate metabohsm, a property which desoxycorticosterone acetate 
does not possess, and the recently prepared hpocortical hog adrenal extract 
contains a considerably higher concentration of the carbohydrate-active oxy- 
corticosterones However, the use of cortical extracts is not without disad- 
vantages, the most important of which are the limited supply and the high 
cost. As a result, the use of cortical extract is practically limited to the treatment 
of crisis 

3 Electrolyte phase The oral administration of sodium chloride was the first 
measure used freely m the maintenance of the Addisonian patient during mter- 
critical periods It was also effective m the treatment of crisis, though of less 
value than potent cortical extracts 

One patient who received salt as the only therapeutic measure hved 
months This patient entered the hospital m impendmg cnsis and was markedly 
improved following administration of large amounts of sodium chlonde He was 
discharged vdth mstructions to contmue on this treatment and to return for 
‘ffoUow-up” observation This he failed to do. Later, it was learned that he le 
in Addisoman crisis m a hospital m another city Although this is the o y 
patient (Table III) in whom salt was the sole measure used, four other patients 
were mamtamed m good health for twelve to thirty-nine months on large amounts 
of sodium salt. These patients all entered the hospital m adrenal cortical m- 
sufficiency. Followmg the addition of synthetic desoxycorticosterone acetate 
they survived for an additional fourteen months to seven and three-quarter 
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years The results obtained m three other patients may also bo mentioned here 
These patients were treated by implantation of DCA m the form of pellets which 
weighed about 125 mgm each and which are known to last about one year 
They received daily oral supplement of sodium clilonde Implantation was 
repeated after a period of two years Hence these three patients were mamtamed 
for at least six montlis and probably from nine to twelve months on salt alone 
in the form of a daily supplement of eight grams Toward the end of the two- 
year penod there was a moderate weight loss and a recurrence of asthenia Long 
periods of survival on maintenance wnth salt alone and good results in the 

TABLE III 


Increase in He period of survival mth progress in therapy 


YEAR 

THERARY 

NUMBER or 

I PERIOD or SURVIVAL* 

TREATED 

Raage 

Average 

1924-31 

Suprareuftl extract per 03 
Epinephrine Injccliona 

fit 

1-20 days 

8 days 

1932 

Weak cortical extract paren 
terally 

2 

4i-13 weeks 

8J weeks 

1932-35 

Sodium salts alone or with 
•weak cortical extract 

lot 

2-39 months 

18 months 

1935-39 

Potent cortical extract and 
sodium salts 

9 

2 months to 8 
years 

2) years 

1939-47 

1 

Bcsoxycorticosterone acetate 
Sodium salts 

Cortical extracts 

27 

1 month to 11 
j years 

1 

4^ years 

1 


• From the date of diagnosis 

t Two patients received no specific tlicrapy because the diagnosis was not made ante- 
mortem The period of survival in these patients equals the period of hospitaluation 
t Four patients who survived for 12 to 39 months on salt therapy alone and later received 
combined therapy are included in both groups 

treatment of crisis in some cases with sodium chloride alone have been reported 
by others (209, 14) 

The requirement of cortical extract during crisis can be reduced by giving 
sodium chlonde (231) Likewise, the maintenance requirement of DCA can be 
decreased, thus lowering the incidence of toxic effects (97, 98) However, it is 
not possible to maintain normal blood electrolyte levels in all Addisonian patients 
■with sodium salts alone (183), the addition of cortical hormone is sometimes 
essential and always desirable Nine patients m the present series who were 
treated mth salt as a maintenance measure and cortical extract durmg crisis 
survived for an average period of two and one-half years 
4 Desoxycorhcoslerone The synthesis of this steroid in 1937 made available 
an easily administered and inexpensive hormone capable of regulating the elec- 
trolyte and water balance in the majority of Addisoman patients As a result 
this hormone has become the best practical measure in maintenance and is also 
of considerable value in the treatment of crisis 
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The lack of effect of DCA on the intermediary carbohydrate metabolism rep- 
resents a source of danger since its adnamistration improves the patient’s mus- 
cular activity, but does not alter the intermediary carbohydrate metabolism 
As a result, an increase in physical activity following the use of DCA may lead 
to hypoglycemic attacks The absorption of excessive amounts of the synthetic 
steroid can result in artenal hypertension, edema, cardiac failure, and death 
These effects are probably due to the sodium-retaming action of the DCA 
The mfluence of this hormone on the excretion of potassium may also play a role 
m the development of heart failure The more common S 3 mptoms of hypo- 
potassemia (anorexia, headache and muscular weakness) may lead to the errone- 
ous admmistration of additional DCA These shortcomings of DCA can be 
largely overcome, as will appear below 

5. Combined therapy The present treatment of Addison’s disease utilizes a 
combmation of cortical extract, sodium chloride and DCA This will be illus- 
trated m the present senes 

a Treatment of crisis Specific therapy was started without delay and the 
diagnosis corroborated later® if a patient appeared to be in Addisonian crisis 
Twenty c c of cortical extract were injected intravenously, an additional 20 
c c were added to an intravenous drip of five per cent glucose in salme, and ten 
c c were injected subcutaneously. The extract was given in this manner to 
assure an adequate supply of hormone from the subcutaneous depot in the event 
that the intravenously injected extract were rapidly excreted in the urine Five 
to ten mgms of DCA® in oil were injected intramuscularly, the amount depend- 
ing on the degree of shock and the quantity administered prior to admission. 
Fifty c.c. of fifty per cent glucose were injected intravenously and more recently 
five c.c of lipocortical extract were given subcutaneously to counteract hypo- 
glycemia Warm blankets were applied for shock and oxygen admimstered if 
respiration was rapid and shallow or c^mnosis was present Morphine was not 
given because of the sensitivity of Addisonian patients to this drug 

Sulfadiazine by intravenous injection, peniciUm intramuscularly, or both, 
were given promptly in all patients who presented any evidence of infection 
Sulfadiazine was used frequently and with good results (232) and is still em- 
ployed when penicillin is meffective The equivalent of sodium used m con- 
junction with the sulfonarmde drug was subtracted from the daily salt sup- 
plement. 

Cortical extract was given every two to four hours until the crisis was definite y 
over, the frequency and the amount varying with the patient’s course. The bloo 
pressure was determined hourly. An additional 5 mgm of DCA m oil was given 
after four hours if the blood pressure had not risen Adrenalin, ephedrme an 

® Before any treatment was given, blood was drawn and set aside for hematological and 
chemical examinations 

“ The desoxycorticosterone acetate used in the treatment of the patients in this senes 
was generously supplied by the Ciba Pharmaceutical Company 

I® The anti-bactenal drugs were given with considerable benefit to fourteen of twen y- 
seven patients treated with DCA 



Addison’s disease 


409 


coraDiine were given as vasopressors and to stimulate the respiratory center 
if required The outcome was usually fatal if the patient failed to respond within 
six to eight hours Some improvement was observed within six hours m the 
majority of cases This was manifested by an improvement in the patient’s 
appearance, an increase in the blood pressure, and a sloivmg of the pulse despite 
a frequent rise m temperature • 

The patient was constantly observed for evidence of edema, both peripheral 
and pulmonary, since fluid and salt were being given m large amounts in con- 
junction with DCA Hemoglobin and hematocrit determinations were of aid 
in detecting excessive hcmodilution The patient’s condition was definitely 
improved ns a rule at the end of twelve hours Nevertheless, the slow intrave- 
nous administration of isotonic glucose and saline was continued and additional 
cortical extract was given A total of 100 to 200 c c of cortical extract and 
10 to 20 mgm of DCA were given m the first twenty-four hours The amount of 
intravenous fluid was usually limited to 2500 c c over the same period The flow 
of the intravenous dnp was slowed and DCA was discontinued or given m smaller 
amounts if there was evidence of edema However, this did not contraindicate 
the continued use of adrenal cortical extract In the presence of persistent 
infection, 20 to 60 c o of adrenal cortical extract were given daily in divided 
doses, subcutaneously or by slow intravenous drip The patient was also given daily 
injections of DCA in 3 to 5 mgm amounts depending on the seventy of the 
infection, the blood pressure, and the state of hydration Transfusions of ci- 
trated whole blood were given if the infection was prolonged or debilitating The 
use of cortical extract was gradually eliminated following subsidence of the cnsis 
and the infection The parenteral administration of fluids was discontinued when 
the patient was able to retain fluid by mouth Then 2 to 6 grams of sodium 
chloride was given by mouth daily and the amount of DCA was gradually re- 
duced until the maintenance dosage was reached 
b Trealment of cerebral mantfcsfalions Since patients with acute cerebral 
symptoms usually had serious adrenocortical insufficiency they were treated as 
though they were in crisis In addition, they received large amounts of the 
soluble B Vitamins parenterally and recently hpocortical (hog) extract The 
latter was given in 5 c c amounts a few times daily for severe symptoms or m 
smaller doses otherwise Oxygen was administered if high fever or shock were 
present 

Sedatives were employed cautiously and only if the patient was unmanageable 
The drugs of choice were paraldehyde in 15 c c quantities, or chloral hydrate 
in 1 gram doses given by rectum Morphme or the administration of barbiturates 
m large amounts or by parenteral injection was found to be dangerous Marked 
regression of mental changes usually followed successful specific treatment, 
although some symptoms may have persisted for several days after restoration 
of the blood electrolytes and sugar Mamacal behavior or convulsive seizures 
which did not respond to replacement therapy usually terminated fatally 
c Maintenance therapy 1 DCA requirements Treatment was always started 
in the hospital The patient was placed on a fixed daily supplement of 4 grams of 
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salt and a daily intramuscular injection of 3 to 5 mgm of DCA was given until 
the systolic pressure was elevated to 100 mgm. Hg or signs of excessive water 
retention appeared The amount of DCA was gradually reduced until the lowest 
dosage was reached which mamtamed the blood pressure, weight and strength. 
The daily requirement usually decreased withm two weeks from 5 to 2 mgm. 
or less The patient was then taught to mject the hormone and allowed to treat 
himself at home, returnmg for observation at frequent intervals to the Follow- 
Up Clinic. An undue mcrease m blood pressure, excessive gam in weight or fall 
m hemoglobm oi hematocrit value was treated by discontmumg the use of syn- 
thetic hormone for two to three days and then by giving a somewhat smaller 
amount. Conversely, the amount of hormone was increased if signs of imder- 
treatment appeared. DCA was found to be very potent The addition or sub- 
traction of 0 25 mgm. m the daily dose produced discernible effects within a 
few days The steroid was given suspended m peanut oil, each cubic centimeter 
of oil containing 5 mgm. of the steroid, a tuberculm-type syringe was used be- 
cause of the small quantity injected A daily mamtenance dose of 1 to 1 5 mgm. 
of DCA was found to be adequate m most patients after three to six months of 
observation. No patient receivmg supplementary salt required more than 1.5 
mgm. of the synthetic hormone daily 

2 Pellet requirements. The most convenient method of admmistermg DCA is 
the subcutaneous implantation of pellets after the mmimum daily requirement 
by mjection has been determined over a period of four to six months. This period 
of observation is necessary since the mitial requirement may far exceed the 
minimum requirement In two patients given implanted pellets calculated to 
fulfill the initial requirement toxic effects were noted despite adjustment of the 
daily salt supplement which ordinarily provides flexibility in the post-implanta- 
tion treatment The toxic effects disappeared when the surplus pellets were 
removed (97). The number of pellets implanted is based on the calculation that 
a pellet weighmg 125 mgm yields about 0.3 mgm each day, and that the daily 
requirement by pellet is about sixty per cent of that by injection Thus patients 
who were mamtamed m good health with a daily injection of 1 mgm of DCA 
requued the implantation of but two pellets Ten patients m the present senes 
were implanted with pellets, none Avith more than four 

3 Pellet implantation The patients were readmitted to the hospital for im- 
plantation Preoperatively 5 c c of cortical extract, m two equal doses, and 2 5 
mgm of DCA were mjected. Sedation of all types, especially morphine, t e 
“routine” preoperative measure, was dehberately avoided The pellet implanta- 
tions were carried out under surgical conditions Small subcutaneous poc ets 
were made, imder local anesthesia, m the skin beneath the scapulae A separate 
pocket was made for each pellet since extrusion of pellets sometimes occurs e 
pockets were closed with silk sutures Despite the superficial nature of t e 
procedure, one patient developed mild shock shortly after the implantation 
This responded well to an infusion of 500 c c of isotomc saline solution and 5 
c c of cortical extract intravenously In a few instances, suppuration developed 
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m the implantation pocket and the pellet was e-vtruded , occasionally this occurred 
without c\ndence of suppuration The prompt administration of penicillin served 
to preserve the implantation in two patients 

The patient was kept under observation in the hospital for at least a week 
after implantation The daily injection of sjmthetic hormone was stopped, but 
small quantities of cortical extract were given for two to three days and the 
administration of salt was continued Following discontinuation of the cortical 
extract, the effect of the implanted DCA was ovalunted by the patient’s general 
well-being, weight, blood pressure, hemoglobin, hematocrit and blood elec- 
trolyte values In three patients there was transitory elevation of blood pressure 
and mild edema which regressed several days after the supplementary salt had 
been reduced or discontinued 

The patient was discharged from the hospital when the blood pressure and 
weight became stable He returned for monthly observation in the Follow-Up 
Clinic where adjustment was made in the salt supplement to provide for the 
extra needs dunng hot weather or if a mild infection were present 

4 PcUcl depletion A gradual recurrence of signs and symptoms of adrenal 
cortical insufEcicncv which appeared approximately twelve to fourteen months 
after implantation marked the depletion of the pellets This was confirmed by 
inspection The symptoms w ere delaj ed m three patients for as long as two years 
by increasing the supplementary salt to eight grams dailj However, these 
patients were less resistant to respu-atory mfeetions and w'lthstood the hot 
weather less well durmg the second year It is significant that sjmptoms of 
adrenocortical insufficiency appeared one to two months before the blood elec- 
trolyte values were significantly altered As a rule, reimplantation was earned 
out annually, unless signs of cortical insufficiency appeared earlier 

5 Re-implantalion of pellets The dailv salt supplement was increased and 
arrangements made for re-implantation when evidence of pellet depletion 
appeared The daily maintenance dose of DCA was redetermined by subcutane- 
ous injections over a period of several weeks before readmission to the Hospital 
if the basal requirement appeared to have changed The same number of pellets 
were usually re-iraplanted, the procedure was carried out in the same manner as 
the onginal implantation The previous implantation site was explored in some 
patients The pellets were gone after twelve to fourteen months or else were so 
small they could be disregarded in determining the amount of hormone to be 
re-implanted However, in one patient tiny fragments were found after eighteen 
months Eight patients have been given reimplantation a total of twenty-seven 
times 

6 Maintenanec with DCA injections Seventeen of the twenty-seven patients 
who were treated with DCA received the hormone by injection alone Five 
patients died early in the course of their illness, before maintenance therapy 
Was established The remaining twelve patients were not treated by implanta- 
tion because they required mmor doses of DCA, had complications resulting in 
frequent fluctuations in the DCA requirement, or suffered from coexisting 
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diabetes or multiglandular endocrine insufficiency necessitating other injections 
Five patients preferred not to have implantation, two reported that they were 
well with mjections of 5 mgm. every three to four days 

7. Use of cortical extract in DCA treated patients. Cortical extract was ad- 
nunistered to eighteen of the twenty-seven above patients principally dunng 
crisis, but also as a supplement in maintenance therapy 

d Treatment of coexisting endocrine disease 1 Diabetes mellitus The two 
patients m the present series with combined Addison’s disease and diabetes 
mellitus provided the opportunity of gathering some observations in the treat- 
ment of this rare combmation These observations are of additional interest 
smce the patients^^ represented opposite extremes in the severity of their illnesses 
and m the difficulty in management. 

The Addison’s disease was treated as previously outlined There was an addi- 
tional problem m the treatment of the diabetes arismg from the marked sensi- 
tivity to insuhn which was present despite hyperglycemia and glycosuria Thus 
insuhn was given sparmgly and only if there was ketonuria, weight loss due to 
glycosuria, or if the latter was marked Protamine zinc msulinate was tolerated 
better than plam msulm The carbohydrate-active lipo-cortical extract reduced 
the sensitivity to insulin makmg it possible to use somewhat larger amounts of 
insulin m the treatment of diabetic ketosis Mild glycosuria was found to be 
beneficial. The administration of sodium chloride and the salt and water-retaining 
DCA helped to prevent polyuria and the loss of base which might otherwise 
accompany the glycosuna 

2 Hypothyroidism, Two patients m the present series exhibiting manifesta- 
tions of hypothyroidism and Addison’s disease were treated with thyroid extract 
m addition to the other measures The thyroid gland substance was well toler- 
ated It was given in doses of one tenth of a gram initially and was gradually 
mcreased to one grain daily. There was discermble impiovement in the patient 
with typical myxedema, but this was not strilang. No improvement was ob- 
served in the other patient. 

3 Hypogonadism As previously mentioned, injections of testosterone had 
no discernible effect on the two men who complained of impotence 

4 Panhypocorticahsm Three patients presenting evidence of multiglandular 
mvolvement responded better when small daily injections of cortical extract 
were added to the usual maintenance measures Somewhat smaller amounts of 
DCA and salt were used because of an mcreased tendency to edema Two of the 
patients received thyroid substance and male sex hormone as mentioned above 
Iron proved to be of liimted value m treating a secondary type of anemia in 
these patients 

e Advantages of maintenance therapy The maintenance measures used endowed 
the patients with a greater ability to vnthstand illnesses which commonly pre- 
cipitate crisis m untreated patients These included moderately severe upper 
respiratory infections and gastro-enteritis Minor surgical procedures were well 
tolerated with but a small increment m salt and DCA The patients receivmg 

Patients W C., table IV, and K M , table V 
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mamtenanco therapy wore less affected by severe illness associated with high 
fever, required smaller amounts of cortical extract during such illness and re- 
coreied more rapidly The severe illness and especially those which terminated 
fatally'- occurred more frequently in patients who had not received proper main- 
tenance therapy 

Furthermore, the patients could be restored to useful activity ns illustrated 
m Table IV A fifty-five year old bookkeeper returned to his employment after 
haring been idle for seven years A fifty-tlu-ee year old woman is now able to 
perform all of her household duties after the second implantation of pellets 
She had been semi-mvalidcd for four and a half years previously A forty-six 
year old motorman has diabetes mcUitus in addition to Addison's disease This 
man has had no difficulty m carrying out his work ns a “jard" motorman and, 

TABLE IV 


Desoiycorltcoslerone acclate matnienanre therapy, patients currently receiving treatment, 
restoration to useful activity 


PATllWr 

AOZ 

8ZX 

1 SUSVIVAL 

j TYPE OT WOEK 

J G 

41 


ytOTS 

n 

Carpenter 

s n 

29 


10 

None 

E B 

60 

F 

10 

Housewife 

J 0 

03 

M 

0 

Bookkeeper 

L C 

44 

M 

9 

Able to do hgbt work 

E M 

60 

F 

8 

Housewife 

w c 

40 

M 

7 

Motorman 

B S 

33 

M 

6 

Salesman 

r G 

63 


3 

Housewife 

H W 

40 


3 

Housevirifo 

8 R 

27 


2 

Housewife 


despite urgent admonitions to the contrary, has continued to play baseball each 
summer One patient, not included m table IV, who succumbed to a severe 
infection after 31 years of treatment, drove a taxi up until three days before 
his death 

f Shortcomings of maintenance therapy Despite the treatment now in use 
the Addisonian patient remains more susceptible to infection and less tolerant 
of mterourrent illness than normal persons His tendency to hypoglycemia is 
only partly checked by mamtenance therapy The treatment apparently does not 
prevent development of multiglandular involvement, nor the progressive deteri- 
oration which accompanies it Mental changes appeared in several instances 
despite adequate sodium chloride and DCA administration and normal blood 
sodium values Although restoration to useful activity was achieved m almost 
all of the patients receiving mamtenance therapy, none of the patients was 
restored completely to normal 

” An analysis of the deaths of the patients who received DCA is given in table V 













TABLE V 

Desoxycorttcosterone acetate therapy, cases with fatal outcome 


PATIENT i 

KGZ 

SEX 

PERIOD OF 
SURVIVAL 

1 G K. 

37 

M 

3i yrs. 

2 H J 

36 

F 

3 mos 

3 F L 

48 

F 

1 mo 

4 C G 

35 

F 

5| yrs 

5 E C . 

50 

F 

yrs 

6 N R 

38 

M 

3^ yrs 

7 E K 

62 

F 

2 mos 

8 S K 

60 

F 

4^ yrs 

9 C B 

37 

F 

1 yr 

10 S K 

35 

F 

41 yrs 

11 H H 

51 

F 

6 mos 

12. S G 

56 

F 

1^ yrs 

13 D G 

28 

F 

8 j yrs 

14 L R 

35 

F 

3 mos 

15 J K 

53 

; M 

! 7^ yrs 

16 K.M 

21 

L F 

1 yr 


SURVIVAL 
ON DCA 
THERAPV 

PROBABLE CAUSE OF 
DEATH 

1§ yrs 

Active pulmonary 
tuberculosis 

3 mos 

Bronchopneu- 

monia* 

1 mo 

Acute cardiac in- 
sufiSciency 

3 yrs 

Bronchopneu- 

moniat 

3i yrs 

Post-operative 

shock 

3^ yrs 

Severe phar 3 mgitis 

2 mos 

Acute coronary 
insufiBciency§ 

4^ yrs 

Upper respiratory 
infection 

1 yr 

Severe naso- 
pharyngitis 

4§ yrs 

Suppuration at site 
of DCA injec- 
tion* 

6 mos 

Pulmonary edema 

1| yrs 

Unknown f 

7 yrs 

Psychosis 

3 mos 

Morphine sensi- 
tivity 

yrs 

Adrenal and thy- 
roid gland insuf- 
ficiency 

1 yr. 

Progressive en- 
cephalopathy 
with convulsive 
seizures 


COMltEKT 


Therapy effective until bi- 
lateral apical spread de- 
veloped 

t 

Died suddenly 

Diffuse focal myocardial 
necroses 

Multiglandular involve- 
ment* * * § 


Phlegmonous cholecysti- 
tist 

Last implantation 2 years 
prior to death 
Protracted vomiting de- 
spite normal blood Na 
and DCA therapy 
Coronary arteriosclerosis* 
Patient had been psychotic 

Multiglandular endocrine 
involvement* 

Injection given by inex- 
perienced person at 

hornet 

Died suddenly 
Disseminated focal myo- 
cardial fibrosis , multi- 
glandular endocrine in- 
volvement* 

Died suddenly 
Prolonged intensive com- 
bined therapy ineffective 

terminally 

Extensive hemorrhagic ne- 
crosis of adrenals* 
Myxedema and Addison’s 
diseaset 

Marked adrenal and thy- 
roid atrophy Pitmtary 
changes* 

Combined Addison’s dis- 
ease and diabetes melh- 
tust 


* Autopsy 

t Also received intensive combined therapy 

t Died elswhere than at Mount Sinai Hospital 

§ Climoal and ECG evidence 
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6 Progress tn therapy Marked pi ogress has been accomplished in the treat- 
ment of Addison’s disease in the twenty-two years in which the fifty patients 
were treated Table III shows that the average period of survival has been pro- 
longed to years Table IV shows that the eleven patients who are still ahve 
have survived for an average of seven years, and that almost all have been 
restored to useful activity 

7 Relative value of therapeutic measures The maximum penod of survival 
was obtamed wnth combined therapy, mcluding DCA, sodium chloride and 
cortical extract Antibacterial agents were often of vital importance Sodium 
salts alone were less effective than either adrenal cortical extract or the synthetic 
DCA Adrenal cortical extract appears to be a very effective means of treating 
all phases of the disease However, DCA, by vu-tue of its abundant supply, its 
low cost, and the convenience of its use, was the most valuable practical measure 
in the care of the patient 

8 Future The recent synthesis of 11-dehydrocorticosterone and the current 
progress (233, 234) in perfecting methods of preparmg 11-oxy-steroids synthet- 
ically indicate that a carbohydrate-active hormone” may soon be available for 
chnical use Cortical extracts of increased potency are to be expected, and more 
effective therapy may soon be available for concomitant endoonne gland dis- 
turbances The newer antibiotics will probably help to reduce the danger of m- 
feotion In this lies hope of better chances of survival and of more complete 
restoration for the patient With Addison’s disease 

The author expresses his appreciation to Dr Louis J Soffer for having made 
it possible to conduct this study Thanks are also expressed to Dr Harry 
Sobotka and Dr Saul W Jarcbo for their valuable aid in reviewing the manu- 
script 
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FUNCTIONING PANCREATIC ISLET CELL ADENOMAS' 

A Review of the Litbratube and Presentation op Tivo New Dhtebentiai/ 

Tests 

E L GRAIN, Jn » AND G W THORN 

From (he Department of Uedicine, Hanard Medtcal School, ond the Medical Clinic, Peter 
Bent Bngham Iloapital, Boston 

INTBODDCTION 

Insulm-seoreting pancreatic islet cell adenomas, or insulinomas* have been 
the subject of numerous reports dunng the past 25 years Many of these have 
included excellent reviews of the subject, usually, however dealing with a special 
aspect of the problem No one to date has attempted to survey comprehensively 
the many aspects of the subject The present review analyzes the clinical and 
pathological features of 258 cases reported in the literature up to January 1, 
1949 

In addition, two new and relatively simple laboratory procedures of value 
in differentiatmg hypoglycemia caused by lesions of the pituitary, adrenal cortex 
and pancreatic islet cells ate described These tests were helpful in studying a 
patient (158) with acromegaly in whom episodes of severe h 3 Tioglycemia following 
pituitary irradiation introduced a difBcuIt problem in differential diagnosis 
between insulinoma and hypoglycemia secondary to pituitary-adrenal failure 
In this instance two insulmomas were removed at operation,* raismg the mter- 
esting possible relationship between an excess of growth hormone and the de- 
velopment of multiple islet cell tumors 

Hisloncal The study of this subject had its origin m 1869 when Paul Langer- 
hans (3), while still a medical student, wrote his brilliant treatise on the unser 
zeUen or ks ilots do Langerhans, as they were designated by Laguesse (4) m 1893 
The latter initially suggested the possible endocrine nature of the islets, follow- 
ing the work of von Menng and Minkowski (5), who produced fatal diabetes in 
animals by complete removal of the pancreas 

In 1900 Ssobolew (6), on the basis of experiments in which he induced atrophy 
of the entire pancreas except the islet tissue without developing diabetes mellitus, 
postulated a substance from the islet cells os a possible therapeutic material for 
diabetic patients 

Nicholls (7) reported the first islet cell tumor m 1902, but gave no clinical 
history. Lane (8) differentiated the alpha and beta cells in 1908 Histological 
origin of the islet cells was clanfied by Bensley (9) and Grauer (10) who demon- 
strated that the epithelial cells of the islands appeared to bo derived from the 

' This study was aided by funds from the Medical Surgical Research Fund of the Peter 
Bent Bngham Hospital 

* 1005 Hermann ProJession&l Building, Hoiaton, Texas 

* Tho term inBulmoma is used throughout this paper to denote an insuIin-secreting islet 
cell adenoma, insuloma (l),or nesidioblftstoma (2) 

< This case has been reported in detail elseiivhcrc (168) 
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epithelial cells of the small ducts of the pancreas Other theories have been pro- 
posed but most experts in the field adhere to the ductal origin 

The clmical vistas of this field were opened with the discovery of insulm by 
Banting and Best (11) in 1922 and the prompt finding by their co-workers, 
Campbell and Fletcher (12), of the symptom complex produced by msuhn over- 
dosage Shortly thereafter Hams (13), Gibson and Larimer (14) and others 
postulated the occurrence of identical situations m patients suffering from 
spontaneous attacks of hypoglycemia 

W J Mayo (15) provided the first surgical proof of hyperinsulmism by 
his operation m 1927 on a physician with hypoglycemic symptoms, which were 
found to be associated with an msuhn-secretmg, metastatic carcmoma of the 
pancreas. Two years later the first surgical cure was accomplished by Graham 
(16) of Toronto by the removal of what was considered a mahgnant pancreatic 
islet cell adenoma; while the following year from this hospital Cushmg (17) 
reported the first successful operation on a bemgn msulmoma. 

For the past twenty years the major contributions on this subject have been 
made by Whipple and Frantz (18-22), In 1940 (20) and m 1944 (21) these authors 
recorded 147 cases from the hterature The largest personal series to date have 
been those of Lopez-Kruger (23) from the Mayo Clmic (38 cases) and of Whipple 
(27 cases) To these previous reports and reviews (24-37) have been added 
111 (38-105) patients makmg a total of 258 cases of functionmg islet ceU 
adenomas In reviewmg this large group an attempt has been made wherever 
possible to obtain and summarize data with regard to the following categories: 

1. Age of patients 

2 Sex 

3. Number of tumors 

4. Size of tumors 

5 Distribution of tumors. 

6 Incidence of malignancy 

7. Signs and symptoms of hypennsulinism 

8 Diagnosis 

9. Differential diagnosis. 

10. Associated endocrine abnormalities 

11. Treatment 

Age. Insuhnomas may occur at any age, havmg been reported m patients from 
6J weeks (82) to 68 years (23) of age As may be seen m chart 1, the peak in- 
cidence hes between 40 and 50 years Symptoms both as regards type and 
severity do not appear to differ significantly among the various age groups 

jSex No sigmficant sex difference exists m the mcidence of bemgn tumors. 
Fifty-two per cent of the cases occurred in males and 48 per cent in female 
patients Among the twenty-four mstances of mahgnant tumors fifteen (63 
per cent) were found m males 

Number of tumors Although 206 patients or 88 per cent of those with benign 
adenomas had a smgle tumor demonstrated, it is of interest to note that m 12 
per cent more than one tumor was discovered (table 1) In six patients diffuse 
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adenomatosis of eitlier the entire gland or a portion of it was found, the tumors 
varying in size from microscopic to 3 cm in diameter (21, 23, 69, 107, 109) 
No preoperative diagnostic method is known which would indicate the presence 
of multiple tumors or diffuse adenomatosis To obviate subsequent surgical 
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OYploration, the surgeon must always consider the possibility of multiple tumors 
m any patient with de6mte signs of insulinoma 
Size of tumors Insulinomas varymg in size from microscopic to 11 cm in 
diameter have been found, however, 76 per cent of those reported range from 
f-3 cm m their greatest diameter (chart 2) Of the nme adenomas over 5 cm , 
four were questionably malignant Symptoms were not found to vary signiff- 
cantly with the size of the tumor (106) 

Dtslnhuiion of tumors Earher reports stressed the fact that the great majonty 
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epithelial cells of the small ducts of the pancreas Other theories have been pro- 
posed but most experts in the field adhere to the ductal origin 

The clmical vistas of this field were opened with the discovery of insulm by 
Bantmg and Best (11) m 1922 and the prompt finding by their co-workers, 
Campbell and Fletcher (12), of the symptom complex produced by insulin over- 
dosage. Shortly thereafter Hams (13), Gibson and Larimer (14) and others 
postulated the occurrence of identical situations m patients suffenng from 
spontaneous attacks of hypoglycemia. 

W J Mayo (15) provided the first surgical proof of hyperinsulmism by 
his operation m 1927 on a physician with hypoglycemic symptoms, which were 
foimd to be associated with an insuhn-secreting, metastatic carcmoma of the 
pancreas. Two years later the first surgical cure was accomplished by Graham 
(16) of Toronto by the removal of what was considered a malignant pancreatic 
islet cell adenoma, while the following year from this hospital Cushing (17) 
reported the first successful operation on a bemgn insulmoma 

For the past twenty years the major contributions on this subject have been 
made by Whipple and Frantz (18-22) In 1940 (20) and in 1944 (21) these authors 
recorded 147 cases from the hterature The largest personal series to date have 
been those of Lopez-Kruger (23) from the Mayo Clinic (38 cases) and of Whipple 
(27 cases) To these previous reports and reviews (24-37) have been added 
111 (38-105) patients makmg a total of 258 cases of functioning islet cell 
adenomas In revienung this large group an attempt has been made wherever 
possible to obtam and summarize data with regard to the following categories; 

1 Age of patients 

2 Sex 

3. Number of tumors 

4 Size of tumors 

5 Distribution of tumors. 

6 Incidence of malignancy 

7. Signs and symptoms of hyperinsulmism 

8. Diagnosis 

9. Differential diagnosis 

10. Associated endocrme abnormalities. 

11 Treatment. 

Age Insuhnomas may occur at any age, havmg been reported in patients from 
6| weelcs (82) to 68 years (23) of age As may be seen m chart 1, the peak m- 
cidence lies between 40 and 50 years Symptoms both as regards type and 
severity do not appear to differ significantly among the various age groups 

Sex No significant sex difference exists m the mcidence of bemgn tumors. 
Fifty-two per cent of the cases occurred m males and 48 per cent in female 
patients Among the twenty-four mstances of mahgnant tumors fifteen (63 
per cent) were found in males 

Number of tumors Although 206 patients or 88 per cent of those with bemgn 
adenomas had a single tumor demonstrated, it is of interest to note that m 12 
per cent more than one tumor was discovered (table 1) In six patients diffuse 
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adenomatosis of either the entire gland or a portion of it was found, tho tumors 
varjsng m size from microscopic to 3 cm m diameter (21, 23, C9, 107, 109) 
No preoperativo diagnostic method is lmo;m eIucU Mould indicate tho presence 
of multiple tumors or diffuse adenomatosis To obviate subsequent surgicnl 
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of insulinomas appeared to be located in the tail of the pancreas. In this review 
it IS apparent that there is a wide distribution of tumors throughout the entire 
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gland (chart 3) It is well known that tumors in the head of the pancreas he deep 
in the substance of the gland (110) , whereas, those in the body and tail he nearer 
the surface Surgical exploration of the head is much more difficult than that 
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of other portions of the glnnd These facts and the miseonception regarding 
the high incidence of tumors in the tail of the pancreas probably account for 
the large number of cases m nhich an initial surgical exploration of the tail of 
the pancreas only is earned out without relief of symptoms, whereas, subsequent 
operation wath more extensive exploration of the entire gland often rex cals an 
adenoma in the head or body of the gland It is significant that the experience 
of the Mayo Clinic group (23) and Whipple (22) confirm this observation 
It IS also well to keep m niiiid that the tumor may bo found in aberrant pan- 
creatic tissue (111) as was the case in six patients m this series (23, 80, 85, 
112-114) 

The difficult} of finding the tumor and the advisability of re-operation if 
symptoms pen-ist cv on after the successful remox al of one tumor arc attested 
by the fact that in this group of 258 cases, 19 patients required two operations 
before the tumor w as remox cd In three patients a third operation was necessary 

If no tumor is discox cred, a decision must bo made ns to the advisability of 
resecting a portion of the pancreas Results xxitli this procedure have been 
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disappointmg, but as might be anticipated the best results have been obtained 
with more radical resections (35, 115, 110) 
incidence of malignancy The pathological diagnoses among the 258 cases 
revealed 190 cases of benign adenoma, 44 cases cliauictorized as questionably 
ma ignant and 24 cases of carcinoma with nietastases (tabic 2) Thus in less 
® 10 per cent was the tumor definitely malignant 
91 09 *^ 10 ^ defimtely mahgnant group (23, 21, 27, 30, 38, 58, 69, 77, 84, 
fall t varied in age from 18 to 73 years and as a whole 

(eh 't 1 ^ older ago group than did tlioso with uoii-motastatic lesions 

und 1 13 ‘^”^1 3 females Tho tumor size was 

retna'^l^ three being between 1-2 cm in diameter and tho 

M four ^ 3) In 20 cases tho initial Ichioii was single, whereas, 

the hLTT ™«lt>Ple Of the txventy binglo lumora only two occiiiicd in 
body and t three occurred in tho body, thiou at tho junction of tho 

Althoueh 1^1'® tail, while one woh abouant iii origin (chart 3) 

annearti »ay be found in almost iiiiv )ioilion of tho body, tho liver 

PPeared to be involved predominantly (tablo 3) 
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The diagnosis of mahgnant insulinomas is somewhat confused by the fact 
that 50 per cent of the reported cases of benign adenomas were shown to have 
an mcomplete capsule Initially it was thought an incomplete capsule, mitotic 
figures and/or blood vessel invasion were mdicative of malignancy. However, 
data derived from the hterature do not support these conclusions Absence 
of the capsule per se is apparently of little sigmficance unless this has resulted 
from invasive and destructive proliferation of tumor cells 
Of the tumors considered questionably malignant, nme were reported to have 
had blood vessel mvasion by tumor cells, four had no invasion, and m thirty-one 
no note was made. Although there have been several five year follow-ups, 
only one of these tumors has been reported as lecurring or metastasizmg Ini- 
tially this case was recorded by Brunschwig (117) m 1941 as questionably 
malignant, however, two years later (118) the patient had recurrence of symp- 
toms and died with metastases Frantz (20, 21) has suggested that this variety 
of insulinoma may be analogous to the so-called “adenoma malignum” t3rpe 

TABLE 3 


Sites of metastases in 24- 'patients vnth malignant insulinomas 


ORGAN 

NUMBER OT PATIENTS 

Liver 

23 

Regional lymph nodes 

12 

Mesentery, pentoneum, epicardium adrenals, lungs, spleen 
Pleura, vena cava, kidney, stomach, subcutaneous tissue, portal 

2 

vein, spinal cord 

1 


of carcinoma of the thyroid gland where distant metastases might be late or 
slow m appeanng 

Signs and symptoms of hypennsulimsm A review of the signs and symptoms 
produced by msulmomas '^necessarily emphasizes the protean manifestations 
(124) of these tumors and the ease with which the diagnosis may be overlooked 
unless searched for carefully both by history and laboratory aids The usual 
story IS for patients with islet cell tumors to have been followed for a relatively 
long period in dimes specializmg m neurology, gastroenterology, psychiatry, 
metabolism and_endocrmology, before the underlymg process is discovered and 
complete relief afforded by surgical extirpation 

The outstandmg manifestations reported m 193 patients with insulinomas 
in whom a careful history was recorded are presented m table 4 Since many of 
these histones were taken during brief pre-operative surgical admissions, it is 
probable that the more obvious symptoms, such as convulsions and coma were 
reported m greater percentage than were the more innocuous ones such as 
sweating and hghtheadedness 

Review of the symptoms and signs serves merely to illustrate that an in- 
sulinoma exhibits no pathognomonic symptom-complex Furthermore no sig' 
nificant difference in symptomatology was found between benign or metastatic 
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tumors except m the one instance noted subsequently, thus making pre operative 
differentiation of a malignant and non-malignant insulinoma impossible Proof 
that an insulinoma is present must usually await laboratory studies 
Symptoms of hyperinsulimsm have been reported as being present from two 
weeks to over twenty years prior to operative intervention As can bo seen from 
the accompanying chart (4), 25 per cent of patients had had symptoms for 
more than five years The duration of symptoms was much briefer in the group 
of malignant insulinomas, howcier with only 3 reported as having been affected 
for more than two years 


TABLE 4 

Signs and symptoms exhibited by IBS patients with insulinomas 



per cent 

1 Loss of consciousness 

58 

2 Confusional state 

64 

3 Weakness and fatigue 

41 

4 Deep coma 

40 

5 Sweating 

36 

6 Drowsiness and stupor 

35 

7 Lighthcadcdness 

30 

8 Visual disturbances 

30 

Q Amncisia 

28 

10 Clonic convulsions 

24 

11 Noisy behavior 

20 

12 Headache 

20 

13 Tremor 

18 

14 Hunger 

14 

16 Positive Babinaki 

IS 

1C Paresthesias 

13 

17 Irntabihtj 

H 

18 Transient hemiplegia 

10 

19 Abdominal pain 

8 

20 Palpitation 

3 


The fact that the overall respiratory quotient of nervous tissue is 0 98-1 00 
(125-127) suggests that its metabolism is predominantly that of carbohydrate 
Since nervous tissue has the highest R Q of any system in the body and, there- 
fore, presumably the greatest need for carbohydrate, it would follow that the 
major changes occumng m severe hypoglycemia would be nervous m origm A 
very complete and excellent review of this subject has been written by Pabiy- 
kant and Bruger (128) Over fifty per cent of the patients with insulmomas 
suffered loss of consciousness or developed confusional states Deep coma oc- 
curred m 95 per cent with metastatic lesions, whereas, only one third of patients 
with benign tumors were so effected This was the only striking difference be- 
tween benign and malignant lesions and may be explained m part on the basis of 
additional hypogljcemia from reduction m liver parenchyma secondary to 
metastases The high incidence of confusional states, clonic convulsions, loss of 
continence, amnesia, etc , serves to stress the importance of differentiating 
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patients with insulinomas from those with idiopathic epilepsy or suspected 
bram tumors A 10 per cent mcidence of hemiplegia makes msulmoma a lesion 
seriously to be considered m any patient with hemiparesis Although twelve 
patients were thought to have irreversible personality changes with mental 
deterioration, seven of these were restored completely to normal followmg 
successful operation (table 5) Other manifestations of central neiwous system 

DURATION OF SYMPTOMS IN 193 PATIENTS 
PRIOR TO DISCOVERY OF INSULINOMA AT OPERATION OR AUTOPSY 
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TABLE 5 

Residual postoperative findings in 18S patients presumably cured of insulinomas 

Penaaiient central nervous system damage 

No relief of symptoms 

Unreliability 

Residual palsy 

Occasional low blood sugars 

Anxiety state 

Blurred vision 

Muscle atrophy 


disorder produced primarily by hypoglycemia mclude inability to speak prop- 
erly, purposeless movements, mcoordination, silhness or negativism, twite 
mgs, mcoherence, mental dullness, tonic convulsions, petit mal, Jacksoman 
sensory seizures, and m one mstance permanent hemiplegia The surpnsmgy 
low mcidence of hunger as a symptom will be discussed further m the section 
on changes m body weight. 

The importance of epmephrme m combattmg hypoglycemia by facilitatmg 
the hberation of hver glycogen to glucose (increased glycogenolysis) is well 
substantiated (129-130). With very severe hjrpoglycemia however, such large 
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quantities of epinophrme may bo mobilized that symptoms of liyperadrenahmsm 
such as sweating, tremor, pallor, coldness, palpitation, and precordial oppression 
may dominate the clmical picture Not infrequently these may be the only 
symptoms found in a patient with an insuhnoraa 

f^Another group of symptoms appear to result from the combination of hypo- 
glycemia and hyperadrenahmsm Among these are weakness and fatigue, 
hghtheadedness, and visual disturbances which occurred in over 30 per cent 
The visual difficulties included blurred vision, diplopia, dimness of vision, 
colored vision, scotomata, transient blindness, nystagmus, visual hallucinations, 

LOWEST BLOOO SUGAR LEVEL RECORDED IN 201 WTIENTS WITH INSULINOMA 


NUMBER 

OF 

PATIENTS 


BLOOO SUGAR 
M0.X 


hemianopsia, and oculogync spasms Falling m this group also, but not men- 
tioned m the table are circumoral paresthesias, inabihty to concentrate, and 
vertigo 

Thirty per cent of patients with metastatic msulmomas complained of ab- 
dommal pain This was present m only 6 per cent of patients with benign ade- 
nomas Other symptoms mcluded nausea and vomiting which occurred with 
equal frequency in the two groups 

Although the lowest level of fasting blood sugar reported in any case may 
vary considerably because of difference in methods and circumstances under 
which the specimen is taken, it is interesting that m only 11 patients did the 
blood sugar fail to fall below 50 mg per 100 ml Over 80 per cent had blood 
sugar levels below 40 mg per 100 ml (chart 6) 

Among the twenty-four cases of malignant insulmoma with metastases which 
have been reported, four appear to have developed some or all of their hypo- 
glycemic symptoms on the basis of extensive liver metastases rather than on 
that of a functioning tumor alone m that symptoms began a relatively short 
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time before death and no actual insulin assay was done on the tumor This 
fact is emphasized because there have been reported several (141, 142) non- 
functioning mahgnant islet cell carcinomas The embryologic explanation of 
this possibility has been noted in the articles by Bensley (9), Grauer (10), and 
Good (110). 

Probably the most confusmg finding in the group of patients with insulmomas 
is the character of the glucose tolerance test No two investigators have con- 
ducted the tests similarly Results vary, from flat curves to diabetic types, 
with the largest number, 47, starting at a low figure, using to 100-200 mg 
per 100 ml and then retummg to the imtial low figure In 18 patients a flat 
curve was found, in 21 a diabetic configuration, whereas, in 139 no test was 
reported In the presence of severe hypoglycemia, oral glucose tests may be of 
little diagnostic value because of associated pylorospasm or pooling of the 
glucose solution m the stomach Further complications m carrymg out a glucose 
test may be met with m attemptmg to provide a standardized diet for two 
to three days prior to the test 119 Obviously frank obesity or undernutrition 
may also modify the glucose tolerance curve 

Too few msulm tolerance tests were reported to draw any valid conclusions, 
but those recorded revealed an even greater vanation than was found among 
the glucose tolerance tests 

Obesity was reported m only 65 of the 258 patients with insulinomas In the 
past this finding has been stressed but it would seem from this review to be 
significant only in a positive way Only 14 per cent of the patients had hunger 
as a symptom Another group found that the ingestion of food relieved other 
manifestations of hypennsulmism Among the 24 cases of malignant insulinoma 
obesity was noted in 9 In one patient weight was normal, three patients were 
thm, and the body weight was not reported in the rest This relatively high 
mcidence of obesity among the mahgnant msulmomas is interestmg in view of 
the frequency and multitude of termmal metastases 

Diagnosis The single most important finding m the diagnosis of insulinoma is a 
blood sugar value below 50 mg per 100 ml Whipple (19) proposed m 1938 that 
“the characteristic syndrome evolves into a typical and essential triad of attacks 
of nervous or gastro-mtestmal disturbances coming on m the fasting state 
associated with hypoglycemia with blood sugar values below 50 mg per 100 ml 
and immediate relief of symptoms followmg the ingestion of glucose ” It is 
important to remember m regard to the third pomt of the tnad that if a patient 
has been in coma for any period, he may not be aroused immediately by glucose 
mjections Whipple’s triad, as the above pomts have been designated, is almost 
the sine qua non to a diagnosis of msulmoma It should be pointed out that 
one not infrequently is confronted with an episodic type of illness in which 
the degree of hypoglycemia and the reaction to it may vary considerably from 
time to time Meyer (143) has demonstrated that it is the rapidity of the fall 
of blood sugar that produces symptoms rather than the actual level This may 
help explain the fact that more spells occur m the daytime in relation to meals 
than at night when the actual blood sugai level is lowest, but the low point is 
attamed relatively slowly. 
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Electroencephalograpluc studies (124, 157) on patients with insulinomas 
have not been diagnostic, but do almost uniformly demonstrate high voltage, 
slow activity m the fastmg state or with hyperventilation and ivith a return 
towards normal following glucose administration In some patients a spike- 
and-domo pattern has been found, m some a tendency to localization, and in 
others occasional bursts of rapid activity Hoefer et al (124) noted “no clear-cut 
relation between the degree of abnormality and the sugar levels” in the fasting 
state 

Dijjferenizal diagnosis Differential diagnostic possibilities are myriad both 
from the viewpoint of sjmptoms and etiology The group of symptomatic 
possibilities include brain tumor, epilepsy, alcoholism, encephalitis, neurocir- 
culatory asthenia, cardiac neurosis, various psychoses, atypical angma pectoris, 
and peptic ulcer 

A comprehensive study on the etiology of hypoglycemia has been made by 
Conn and collaborators (53) The following is a modification of his list of dif- 
ferential diagnostic possibilities 

I Organic 

A Hypcnnsulimsra 

1 Pancreatic islet ccU adenoma 

2 Pancreatic islet cell carcinoma 

3 Diffuse hyperplasia of islet cells 
B Hepatic Disease 

1 Infectious cbolangiolitis 

2 Toxic hepatitis 

3 Diffuse hepatitis 

4 Fatty degeneration or metamorphosis 

6 Glycogenosis (von Gierke’s) 

C Pituitary HypofuncUon (anterior lobe) 

1 Destructive lesion (chromophobe tumor, cyst) 

2 Atrophy and degeneration (Simmond’s disease) 

3 Thyroid hypofunction secondary to pituitary hypofunction 
D Adrenocortical hypofunction (Addison's disease) 

1 Idiopathic cortical atrophy 

2 Destructive infectious granulomata 

3 Destructive neoplasm 

E Central nervous system lesions (hypothalamus) interference with nervous control 
of blood sugar 

II Hypoglycemia without demonstrable anatomic lesion 

A Increased secretion of insulin bj normal islet cells (? autonomic balance) 

B Alimentary hypoglycemia 

1 Postgastrectomy (dumping syndrome) 

2 Postgastro enterostomy 
C Renal glj cosuna 

D Lactation 

E Se\ere, continuous muscular work 
F Postoperative hypoglycemia 
G Severe inanition 
H Factitious 
I Unknown 
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Diffuse hj-perplasia of the islets gires on identical ^otorastic and laboratorr 
picture, so tliat it is impossible to differentmte this lesion from an adenoma 
Fortunately therapy is the same in either in that oneratire inierrention is 
necessary in both. Only ten cases (21, .38. 42, 65, 144-i^) of hyperplasia appear 
in the surgical hferature. 

Hepatic disease, central nervous S33tem lesions, ahmentaiy, renal, lactation 
and vi-ork hypogl^'cetnias may all be excuded by history or ^ple t^s. There 
has, however, been no adequate method to differentiate lesions of the pitmtarv 
hypothalamus, or adrenal, although much work has been done on the relationship 
of these glands to the pancreas (151-154). Two simple tests are presented which 
may be carried out in any laboratory to determine the presence or absence of 
hi'pofunction of the anterior pituitara' or adrenal cortev. 

A. The stibcvianeaus epinephrine test for pituiiary-adrendl coriical insufficiency 
Principle: Epinephrine stimulates the anterior pituitary gland to secrete adreno- 
corticotrophic hormone (ACTH). Changes in the eosinophil count act as an 
indicator of pituitarj' ACTH secretion followed b}* adrenal cortical activation 
Compounds E and F of the adrenal cortex will depres eosinophils 

Procedure: Breakfast is held A fasting eosinophil count is made ^ Then 0 3 
cc. of 1:1000 epinephrine is injected subcutaneously. The patient may eat after 
the injection. Limch is held until four hours later at which time the final eosino- 
phil count is obtained. 

Interpretation: A fall of fifty per cent or more in circulating eosinophds 
following a standard dose of epmephrine excludes hypoglycemia dependent 
upon senous anterior pituitarj' or adrenal cortical insufficiency. Normal levels 
for circulatmg eosinophils are 125-300 per cm. 

B, The four-hour ACTH test. Principle: The adrenal cortex is stimulated 
irectly by the intramuscular injection of 25 mg. of ACTH, and the eosmo phil 
doimt is followed as an indicator of adrenal cortical activation 

Procedure: Same as above with the exception that 25 mg. of ACTH is injected 
intramuscularly. 

Interpretation: A fall of fifty per cent or more in circulating eosmophils 


excludes adrenal cortical insufficiency. 

Associated endocrine lesions. A wide vanety of disturbances in other endocme 
systems have been foimd to co-exist with insulinomas (table 6). Only nine of 
the endocrmopathies noted in the table were found in the 183 survivmg patientsj 
whereas, the remamder were discovered at autopsy. Only three patients 
a reported family histoiy of diabetes, while three others had been found to 
diabetes mellitus before the hypoglycemia developed Cases with complicating 
acromegaly have been reported by Esmarch (57) and Shelburne (81) mtli e 


third being reported by the authors elsewhere (158). 

Treatment Surgery with complete extirpation of all insulin-producmg tumors 
is the only satisfactory method of treatment As soon as a tentative diagnosis is 


® Details in preparation of diluting fluid for eosinophil counts and balanced 
in technique of eosinophU count may be foimd in an article “Chnical Studies Tfith ri 


Adrenocorticotropm” by Porsham et al (155). 
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made and proper pre-operative preparation undertaken, surgical intervention 
IS indicated without undue delay, because of the possibility of (1) malignant 
changes, (2) pennanent central nervous system damage, (3) irreversibility of 
an attack, and (4) increasing obesity mil make operative intervention more 
difficult Proper and adequate pre-operative preparation presupposes an under- 
standing of the basic metabolic difficulties in this gioup of patients (1) the 
desirability of a high protein diet, (2) the possibility of associated potassium 
and phosphate depletion, (3) the necessity for improving glycogen reserves 
immediately pnor to operation Ether with constant intratracheal o\-ygen in 
high concentration is the ideal anaesthetic An intravenous glucose infusion 
should be begun several hours prior to operation and continued until the tumor 
IS found and removed The blood sugar level should be followed closely during 

TABLE 6 

Aesoctated endocrine dtalurbances reported in SBS patients with insulinoma 


Toxic thyroid adenoma 6 

Non toxic thyroid adenoma 3 

Adrenal carcinoma 2 

Adrenocortical adenoma X 

Adrenal hyperplasia X 

Hemorrhagic adrenal cyst X 

Pituitary adenoma g 

Acromegaly 3 

Basophilism of pituitary 2 

Anterior pituitary hyperplasia X 

Tuberculosis posterior pituitary X 

Parathyroid adenoma X 

Parathyroid cyst X 

Thymic hyperplasia X 


and after operation When careful exploration fails to reveal an adenoma, the 
consensus of opinion is that radical surgery should be performed with extirpation 
of oxer one-half of the gland (35, 115, 110, 149, 150) An excellent review article 
on the subject has been written by David (150) In a discussion of David’s 
paper, Whipple pointed out the minimal physiological disturbance following 
even complete pancreatectomy as has been done by Priestley (35) and WTiipple 
(106) This IS the only method by which we can be positive that an adenoma has 
not been missed, as illustrated by Priestley’s finding of a very small tumor deep 
m the head of the pancreas, which he removed m toto 
Other methods of treatment have included (1) a high protem, high fat and 
low carbohydrate diet (53) (2) pre-meal msuhn (156) (3) alloxan (54, 58, 59 
118) and (4) antenor pituitary extract (137) It was hoped that alloxan might 
prove to be an efficacious, non-surgical treatment Thus far three cases of islet 
cell metastatic caremoma (58, 59, 118) haxe been treated mth alloxan with tem- 
porary relief but eventual death In each case toxic effects were so great that on 
several occasions therapy had to be stopped One case of bemgn adenoma was 
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treated by Conn (54) vsith the unfortunate result that a permanent diabetes 
was produced It is now believed that this drug damages the noTWiaHy func- 
tioning islets while having very little effect on the adenomatous tissue At present 
its use in therapy of insuhnomas would, therefore, seem contraindicated. 

Of the 200 patients operated upon there were 17 deaths or a mortality rate 
of 9 per cent. Of special note are the five deaths with hyperp 3 a'exia (table 7). 
Whipple (22) has written that “in cases of hypoglycemia with hyperthyroidism 
the basal metabolic rate is apt to be lower than in other cases of Graves’ disease 
and these patients may develop a thyroid storm. For this reason a BMR should 
be done m all cases of suspected islet cell tumor, and if the rate is above 15, the 
patient should be given a course of lodme therapy as in preparation for a thyroid 
operation ” 

From a review of these five cases as reported (20, 120-123) there is a strilcmg 
resemblance to deaths with hyperpyrexia noted in patients with Addison’s 
disease followmg an infusion with glucose or a glucose tolerance test In either 

TABLE 7 

Causes of death posioperahvely 


Hyperpyrexia 6 

Pneumoma 4 

Cardiac failure . . 1 

Pulmonary embolus . . 1 

Not reported 6 

Total 17 


instance the explanation for these deaths is not clear, but it is obvious that 
patients after removal of an msuhnoma present a similar situation with a state 
of hyperglycemia followmg one of hypoglycemia This possibility serves to 
emphasize the necessity of mtensive pre-operative dietary therapy with high 
caloric diets and supplementary potassium and phosphate therapy 
The actual survival time recorded is not of value m that in most cases post- 
operative follow up penod has been brief However, from those cases which 
do have a more prolonged follow up it appears that almost without exception, 
complete rehef of symptoms for a few months after operation is tantamount to 
cure Of the 183 patients surviving six had incapacitating residues from the 
previous hypennsulmism and nine had minimal symptoms Therefore, 177 
patients were enabled to live a relatively normal existence and 168, or 84 per cent 
of all cases operated, were completely cured Of interest were a number of patients 
who were thought to be ineversible mental defectives, but who became normal 
after operation Another noteworthy finding is that although nearly every 
patient had a compensatory hyperglycemia from 1-14 days postoperatively, 
only two cases were reported to require insulm for more than one month post- 
operatively m spite of radical pancreatic resection m some instances 
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bummaht 

The 268 cases of insulinoma reported in the hterature up to 1949 have been 
reviewed individually and the more important facts regarding mcidence, patho- 
logical types, diagnosis and treatment have been summanzed 

The tumors may occur at any age, but predominantly m the fourth to sixth 
decades, and appear to be similarly distributed between males and females In 
contrast to popular belief the majority of tumors do not occur m the tail of 
the pancreas Furthermore, multiple tumors are relatively frequent These 
findmgs in addition to the mcreased difficulty of explormg the body and head 
of the pancreas probably account for many of the failures at the first operation 
Tumors occur occasionally m aberrant pancreatic tissue Rarely diffuse hyper- 
plasia or adenomatosis of the islet cells is observed Only 10 per cent of tumors 
were shown to be definitely malignant Because of certain unusual characteris- 
tics of the tumor, a diagnosis of malignancy is often made, apparently incor- 
rectly Whipple’s “triad" of signs is a sine gm non for the diagnosis in most 
mstances The bizarre nature and multiplicity of signs winch may occur rvith 
hypennsulmism delay the diagnosis m most cases, many times for penods of 
years Two new tests mvolvmg measurement of anterior pituitary and adrenal 
cortical function have been employed successfully m a case of acromegaly 
with two complicating insulinomas The results of surgery m most cases of 
insulinoma are excellent although multiple operations may be required before 
the tumor or tumors are successfully located and removed 
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